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INTRODUCTION.
The f o l lo w in g  i s  a  d e s c r i p t i o n  o f  t h e  i n s t a l l a t i o n  
and t e s t i n g  o f  a 2 cm. s p h e re -g a p  as  a  s t a n d a r d  o f  h i g h -  
v o l t a g e  m easurem ent i n  th e  E l e c t r i c a l  E n g in e e r in g  D ep artm en t 
o f  t h e  Jam es W att  L a b o r a to r i e s  o f  Glasgow U n i v e r s i t y .
P a r t i c u l a r  s tu d y  h a s  b e e n  made o f  t h e  p r o c e d u re  
n e c e s s a r y  to  o b t a i n  th e  g r e a t e s t  p o s s i b l e  c o n s i s t e n c y  i n  
t h e  r e s u l t s ,  and  t o  d e te rm in e  t h e  f a c t o r s  w h ich  m ost a f f e c t  
t h i s  c o n s i s t e n c y .  E x p e r im e n ts  w ere  c o n t in u e d  u n t i l ,  by 
p r o c e s s  o f  e l i m i n a t i o n ,  th e  o n l y  v a r i a b l e  f a c t o r s  o c c u r r i n g  
a p p e a re d  to  be i n  t h e  q u a n t i t y  m e a su re d .
E .R .A . S ta n d a rd  V a l u e s .
The v a lu e s  o f  th e  b reakdow n v o l t a g e  r e l a t i v e  t o  gap 
s p a c in g  reconm ended  by t h e  E l e c t r i c a l  R e s e a rc h  A s s o c i a t i o n  
( E . R . A. )  and  a d o p te d  by  th e  B r i t i s h  E n g in e e r in g  S ta n d a rd s  
A s s o c i a t i o n  a r e  g iv e n  I n  T a b le  1 on  th e  f o l lo w in g  p a g e .
I t  i s  th e  p u rp o s e  o f  t h e  e x p e r im e n ts  d e s c r i b e d  h e r e i n ,  
t o  a s c e r t a i n  how n e a r l y  t h e s e  v a lu e s  a r e  a p p ro a c h e d  by  th e  
a p p a r a t u s  a v a i l a b l e .  The c o m p a r iso n  o f  t h e  e x p e r im e n ta l  
v a lu e s  w i t h  t h e  E .R .A . v a lu e s  i s  c a r r i e d  o u t  b y  i n s e r t i n g  
t h e  e x p e r im e n ta l  p o i n t s  on t h e  s t a n d a r d  c u rv e s  P i g .  I 
p l o t t e d  from  t h e  v a l u e s  g iv e n  i n  T a b le  1 .
38.E.S.A. S pec i f ica t io n  N ° - 3 5 8 -  /929.
Table I.
Sparkover Voltage 





10 3  ■85
i  / 4 -3 5
12 4 • 85
13 5 -3 5
14 5 -8 3
/S 6-32
16 6 ' 8 4
i  7 7 3 8
/  8 7 ' 9 2
i  9 8 ' 4 5
2 0 9 -0 0
2 / 9 ' 6 0
2 2 1 0 2 5








0  5 0 O' 5  7 2
0 ' 5  5 0 - 6 / 7
0 - 6 0 0 '6 6 i
0 - 6 5 0 - 7 0 5
0 ' 7 0 0-748
O '75 0 - 7 9 0
0 ' 8 0 0 -8 3 3
0  ' 8 5 0 - 8 7 5
0 - 9 0 0 - 9 / 7
0 ' 9 5 0 - 9 5 9
i - 0 0 /■GO
1 ' 0 5 1 - 0 4 /
n o h  0 8 2
Temperature 25°C.  
Barometric) 
P r e s s u r e I  7 6 0 mm'
E R A .  C u rv e
5 PACING D l S T A N C E  IN MlLllMETERS
S P H E R E  C A P  V O L T A G E  M E A S U R E M E N T .
C u r v e s  f o r  2  c m .  d i a m e t e r  S p h e r e s .
Figure /  .
A tm osph eric  C o n d i t i o n s .
F o r  a  g iv e n  gap s e t t i n g  t h e  s p a r k - o v e r  v o l t a g e  i n c r e a s e s  
w i th  i n c r e a s e  o f  a i r  d e n s i t y ,  t h a t  i s ,  i t  i n c r e a s e s  w i t h  r i s e  
o f  b a r o m e t r i c  p r e s s u r e  and w i t h  f a l l  o f  t e m p e r a t u r e .
The r e l a t i v e  a i r  d e n s i t y ,  5  i s  g iv e n  by  t h e  e x p r e s s i o n
jr 0 .3 9 2  x b w here  b = b a r o m e t r i c  p r e s s u r e  i n  ram.
6 "  273 + t ”
and t  * t e m p e r a tu r e  i n  d e g r e e s  c e n t ig r a d e
The c o r r e c t i o n  f a c t o r s  c o r r e s p o n d in g  to  a  g iv e n  a i r  
d e n s i t y  and  u n c h an g in g  h u m id i ty  a r e  g iv e n  i n  T ab le  2 and  a p p ly  
i f  t h e  v a r i a t i o n  from  s e a  l e v e l  i s  n o t  g r e a t .  F o r  a i r  d e n s i t i e s  
above 0 . 9 ,  t h e  c o r r e c t i o n  f a c t o r  d i f f e r s  b u t  s l i g h t l y  f ro m  th e  
v a lu e  o f  th e  a i r  d e n s i t y .  C o n s e q u e n t ly ,  t h e  c o r r e c t i o n  f a c t o r  
may b e  t a k e n  a s  e q u a l  t o  t h e  a i r  d e n s i t y .
"F o r  a  g iv e n  gap s p a c i n g , t h e  a c t u a l  v a lu e  o f  s p a r k - o v e r  
v o l t a g e  i s  g i v e n  b y  t h e  p r o d u c t  o f  t h e  v o l t a g e  o b t a i n e d  from  
T a b le  1 and  th e  f a c t o r  g iv e n  i n  T a b le  2 . "
F o r  a  g iv e n  v o l t a g e  t h e  gap  s e t t i n g  i s  d e te rm in e d  by  
d i v i d i n g  t h i s  v o l t a g e  b y  t h e  c o r r e c t i o n  f a c t o r  ( T a b le  2) and 
r e a d i n g  o f f  t h e  c o r r e s p o n d in g  s p a c in g  from  T a b le  1 .
The p r o c e d u r e  a d o p te d  h a s  b e e n  t o  m easu re  t h e  breakdow n 
v o l t a g e  f o r  a  g iv e n  gap  s e t t i n g .  F o r  c o n v e n ie n c e  i n  t h e  c o m p a r i ­
son  w i th  th e  E .R .A . v a lu e s  a l l  t h e s e  e x p e r im e n ta l  o b s e r v a t i o n s  
o f  breakdow n v o l t a g e  h av e  b e e n  r e f e r r e d  t o  th e  same s t a n d a r d  
v a lu e s  o f  t e m p e r a t u r e  and p r e s s u r e  ( 25°C . and 760 mm.) by 
d i v i d i n g  them  by t h e  c o r r e c t i o n  f a c t o r ,  w hich  i n  a l l  c a s e s  h a s  
b e e n  ta k e n  a s  e q u a l  t o  th e  r e l a t i v e  a i r  d e n s i t y .
The h u m id i ty  o f  t h e  a tm o sp h e re  i n  th e  room i n  w hich 
t h e  e x p e r im e n ts  w ere  p e r fo rm e d  was c o n s id e r e d  t o  be  o f  s u f ­
f i c i e n t  c o n s ta n c y  t h a t  i t s  e f f e c t  on th e  breakdow n s t r e n g t h  o f  
t h e  gap  was n e g l i g i b l e .  I t  i s  r e c o g n i s e d  t h a t  u n u s u a l ly  low 
o r  h ig h  h u m id i ty  may c a u se  a  l o s s  o f  a c c u r a c y .  A lso  i f  th e  
h u m id i ty  o f  t h e  a tm o sp h e re  i s  c h a n g in g  th e  r e s u l t s  a r e  e x p e c te d  
t o  be  e r r a t i c .
H igh V o l ta g e  S u p p ly .
The 5 0 - c y c l e  s u p p ly  was o b t a i n e d  from  e i t h e r  
( a )  30 kVA, 400 V, 8 - p o l e ,  3 p h a se  a l t e r n a t o r ,  
o r  (b )  10 kVA, 600 V, 6 - p o le ,  3 p h a s e  a l t e r n a t o r .
The s t a t o r  w in d in g s  o f  b o th  o f  t h e s e  m ach in es  c o u ld  
be s t a r  o r  d e l t a  c o n n e c te d  a s  d e s i r e d ,  and  i n  a d d i t i o n  each  
p h a se  was b r o u g h t  o u t  i n  two h a l v e s  f o r  s e r i e s  o r  p a r a l l e l  
c o n n e c t i o n .  The f i e l d s  w ere  s u p p l i e d  th ro u g h  s l i p - r i n g s  from  
125 and  250 v o l t  b a t t e r i e s .
T h is  a . c .  su p p ly  was s te p p e d  up by a  s i n g l e  p h a s e ,  
o i l - i n m e r s e d ,  10 kVA t r a n s f o r m e r  h a v in g  a  n o m in a l  r a t i o  o f  660 
to  101 ,700  v o l t s .  The p r im a r y  a p p l i e d  v o l t a g e  c o u ld  be  v a r i e d  
c o n t i n u o u s l y  and  c o n v e n i e n t l y  by means o f  ( a )  r e s i s t a n c e  i n  t h e  
a l t e r n a t o r  f i e l d  c i r c u i t ,  o r  ( b )  a  s i n g l e  p h a s e ,  10 kVA i n d u c t i o n  
r e g u l a t o r  g i v i n g  a  v o l t a g e  v a r i a t i o n  from  z e ro  to  tw ic e  t h e  
a l t e r n a t o r  v o l t a g e .
The c i r c u i t  i s  d i a g r a m n a t i c a l l y  i n d i c a t e d  i n  F i g .  2 .
T h ree  c a l i b r a t e d  v o l t m e t e r s  w ere  u s e d  a t  v a r i o u s  t im e s  










S a f e t y  
Door Contacts
Isolating Switch  
at Transformer
Transform er
Sphere  Gap D e t a i l s .
The s p h e r e s  w ere  m ounted on a  wooden fram ew ork  a s  
shown i n  F i g .  3 , t h e  J o i n t s  i n  t h e  wood b e in g  s e c u r e d  w i th  
wooden p i n s .  The o n l y  m e ta l  p r e s e n t  t h e r e f o r e  was t h a t  s u p p o r t ­
i n g  t h e  sh a n k s  c a r r y i n g  t h e  s p h e r e s . The d e s i g n  o f  t h e  gap  was 
b a s e d  on t h e  p r o p o r t i o n s  g i v e n  b y  F a rn s w o r th  and  F o r t e s c u e .*
The c l e a r a n c e s  a ro u n d  th e  gap  a r e  i n  ag reem en t w i t h  t h o s e  
recommended by t h e  E .R .A .
The s p h e r e s  w ere  t h e  s t a n d a r d  2 cm. d i a m e t e r  b r a s s  
s p h e r e s  s u p p l i e d  by  M e s s r s .  B a i r d  & T a t lo c k  b y  a r ra n g e m e n t  w i th
t h e  E .R .A . S ix  o f  t h e s e  s p h e r e s  w ere  u se d  i n  t h e  c o u r s e  o f
th e  i n v e s t i g a t i o n s .
The m ic ro m e te r  was f i t t e d  t o  t h e  lo w e r  s p h e re  w h ich  was 
e a r t h e d .  S in c e  t h i s  m ic ro m e te r  was s c a l e d  i n  i n c h e s  i t  was c o n ­
s i d e r e d  more a c c u r a t e  t o  s e t  t h e  gap s p a c in g s  i n  s t e p s  o f  
t w e n t i e t h s  o f  an  in c h  i n s t e a d  o f  m i l l i m e t r e s .  T h is  a c c o u n ts  f o r  
t h e  gap  l e n g t h s  i n  t h e  t a b l e s  b e in g  s t a t e d  i n  m i l l i m e t r e s  and 
f r a c t i o n s  o f  m i l l i m e t r e s .  The c o r r e s p o n d in g  l e n g t h s  a r e : -
i n c h e s :  0 .1 5  0 .2 0  0 .2 5  0 .3 0  0 .3 5  0 .4 0  0 .4 5  0 .5 0
m i l l i m e t r e s :  3 .8 1  5 .0 8  6 .3 5  7 .6 2  8 .8 9  1 0 .1 6  1 1 .4 3  1 2 .7 0
* S .  W. F a rn s w o r th  and C. L. F o r t e s c u e ,  E l e c t .  E n g . ,  3 2 . 1 .  
p p .  7 3 3 -7 3 7 , 1913 .
/  S .  W h iteh ead  & A. P .  C a s t e l l a i n ,  I . E . E . J .  69 , p p .  8 9 8 -9 2 1 , 1931
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D E T A I L S  o f  2  c m . S P H E R E  ( J A P .
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S
S c a l e : -  H a l f  F u l l S i z e .
P r o t e c t i v e  R e s i s t a n c e .
A w a t e r - t u b e  r e s i s t a n c e  was u sed  i n  s e r i e s  w i th  th e  
h ig h  v o l t a g e  l e a d .  T h is  r e s i s t a n c e  was i n  t h e  fo rm  o f  two 
g l a s s  U - tu b e s  f i l l e d  w i t h  weak b r i n e  and  m ounted s i d e  by  s i d e  
t o  e n a b le  them  to  be  e a s i l y  c o n n e c te d  i n  s e r i e s  o r  p a r a l l e l  
a s  r e q u i r e d .
One o f  th e  e l e c t r o d e s  i n  e a c h  o f  t h e  t u b e s  c o u ld  be 
lo w e re d  t o  any  d e s i r e d  e x t e n t  i n t o  th e  e l e c t r o l y t e ,  t h e r e b y  
a l lo w in g  t h e  r e s i s t a n c e  to  be  v a r i e d  o v e r  a  w ide  r a n g e .  T h is  
m ethod o f  v a r y in g  th e  r e s i s t a n c e  p ro v e d  to  be  m ore c o n v e n ie n t  
t h a n  a l t e r i n g  t h e  c o n d u c t i v i t y  o f  th e  e l e c t r o l y t e .
B e fo re  t a k i n g  o b s e r v a t i o n s  a t  any  gap s e t t i n g  th e  
r e s i s t a n c e  was a d j u s t e d  to  a p p ro x im a te ly  one ohm p e r  v o l t  by 
means o f  a  B r id g e -M e g g e r .
As shown i n  F ig u r e  4 t h e  r e s i s t a n c e  i s  m ounted on  t a l l  
i n s u l a t i n g  s u p p o r t s  t h u s  rem oving a l l  h ig h  v o l t a g e  c o n d u c to r s  
from  t h e  im m ed ia te  n e ig h b o u rh o o d  o f  t h e  s p a r k  g a p .
P o s i t i o n  o f  Gap and  N e ig h b o u r in g  B o d i e s .
The p o s i t i o n  o f  t h e  gap  w i th  r e s p e c t  t o  o t h e r  a p p a r a t u s  
was k e p t  c o n s t a n t  th ro u g h o u t  a l l  t h e  t e s t s ,  a s  i t  was r e a l i s e d  
t h a t  t h e  e l e c t r i c  f i e l d  d i s t r i b u t i o n  m ig h t  o th e r w i s e  be  a p p r e c i ­
a b l y  a l t e r e d .  A l l  c o n d u c to r s ,  e a r t h e d  o r  l i v e ,  w ere  k e p t  a3 
f a r  a s  p o s s i b l e  away from  t h e  g a p .  F i g u r e s  5 and 6 i n d i c a t e  
t h e  p o s i t i o n  o f  t h e  v a r i o u s  o b j e c t s  i n  t h e  n e ig h b o u rh o o d  o f  th e
11
Figure 4.
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gap and from t h e s e  f i g u r e s  i t  may be  c l e a r l y  s e e n  t h a t  a l l  
e a r t h e d  o b j e c t s  above th e  l e v e l  o f  t h e  e a r t h  p l a t e  a r e  more 
t h a n  30 in c h e s  from  th e  g a p .  The e a r t h  p l a t e ,  ( s e e  F i g .  4) 
c o n s i s t e d  o f  a  z in c  p l a t e  16 in c h e s  d i a m e t e r .
To e n s u r e  f u r t h e r ,  t h a t  a s  many c o n d i t i o n s  a s  p o s s i b l e  
rem a in ed  c o n s t a n t  t h e  e x p e r im e n ts  w ere  c a r r i e d  o u t  i n  a  com­
p l e t e l y  d a rk e n e d  room e x c e p t  f o r  t h e  lamp i l l u m i n a t i n g  th e  
v o l t m e t e r  s c a l e .  The i o n i s a t i o n  o f  t h e  gap  by s u n l i g h t  was 
th u s  p r e v e n te d  and any i o n i s i n g  a g e n t s  su ch  a s  c o ro n a  from
h . t .  l e a d s ,  e t c . ,  i f  p r e s e n t ,  would b e  a p p ro x im a te ly  c o n s t a n t  
from  one e x p e r im e n t  t o  a n o t h e r .
Numerous p r e l i m i n a r y  t e s t s  w ere  c a r r i e d  o u t  to  e s t a b l i s h  
a d e f i n i t e  e x p e r im e n ta l  p r o c e d u r e .  I n  m ost c a s e s  t h e s e  t e s t s  
w ere  fo l lo w e d  by  a p p r o p r i a t e  m o d i f i c a t i o n s  t o  t h e  a p p a r a t u s .
Only t h e  more im p o r ta n t  o f  t h e s e  m o d i f i c a t i o n s  how ever a r e  
r e c o r d e d .  The t e s t  m ethods to  be  d e s c r i b e d  w i l l  b e  s e e n  to  
i n c o r p o r a t e  much o f  t h e  e x p e r i e n c e  g a in e d  i n  t h e s e  e a r l i e r  
e x p e r i m e n t s .
S u r fa c e  o f  S p h e r e s .
The m ethods o f  p r e p a r i n g  t h e  s p h e r e s  c o n s i s t e d  i n  
r u b b in g  them i n  th e  l a t h e  w i t h  o i l e d  ro u g e  emery ( b l u e  b a ck e d  
p a p e r )  u n t i l  a l l  m arks o f  p r e v i o u s  d i s c h a r g e s  w ere  rem oved .
A f t e r  m oun ting  i n  p o s i t i o n  th e  s p h e r e s  w ere  w iped  w i t h  a  cham ois  
l e a t h e r  d ip p e d  i n  a b s o l u t e  a l c o h o l ,  t h u s  rem oving  any  o i l  o r  
g r e a s e  f i l m .  A f t e r  a b o u t  20 r e p e a t e d  d i s c h a r g e s  t h e  s p h e r e s
w ere  a l lo w e d  t o  c o o l  t h o r o u g h ly  and o b s e r v a t i o n s  w ere  conm enced . 
C are  was t a k e n  n o t  t o  h a n d le  t h e  s p h e r e s  a f t e r  m o u n tin g  i n  p o s i ­
t i o n  and w ip in g .
T hese  p r e l i m i n a r y  d i s c h a r g e s  a r e  now recommended f o r  
a l l  sm a ll  s p h e re  g a p s  i n  o r d e r  t o  remove d u s t  o r  r e s i d u e s  o f  
p o l i s h i n g  m a t e r i a l s . *  I t  w ould  a p p e a r  t h a t  a n y  v e r y  s l i g h t
d i f f e r e n c e s  i n  t h e  p o l i s h e d  s u r f a c e  a r e  rem oved and  t h e  c o n ­
d i t i o n s  s t a n d a r d i s e d  by  t h e  p a s s a g e  o f  t h e  d i s c h a r g e .  M. T o e p le r  
go es  a s  f a r  a s  t o  s a y  t h a t ,  w i t h  new ly  p o l i s h e d  s p h e r e s ,  a  s t a b l e  
v a lu e  i s  to  be  e x p e c te d  o n ly  a f t e r  100 d i s c h a r g e s  have  p a s s e d .
E f f e c t  o f  a  B l a s t  o f  A i r .
g e s t e d  a s  a  p o s s i b l e  c a u se  o f  i n c o n s i s t e n c y  i n  s p h e re  gap 
o b s e r v a t i o n s ,  s i n c e  th e y  a r e  c a p a b le  o f  a l ig n m e n t  and  c o n s e q u e n t  
r e d u c t i o n  o f  breakdow n v o l t a g e .
a i r  th r o u g h  t h e  gap b u t  so f a r ,  t h i s  d o e s  n o t  a p p e a r  t o  have  
fo u n d  s u f f i c i e n t  f a v o u r  i n  t h i s  c o u n t r y  t o  b e  i n c l u d e d  i n  th e  
s t a n d a r d  rec o m m e n d a tio n s .
To i n v e s t i g a t e  t h i s  p o i n t  a  number o f  o b s e r v a t i o n s  w ere  
t a k e n  w i th  a  f i x e d  gap l e n g t h  and  t h e  s p a r k o v e r  v o l t a g e  fo u n d
F i b r e s  a d h e r in g  t o  t h e  s p h e re  s u r f a c e  h a v e  b e e  s u g -
The C om ite  E le c t r o t e c h n i q u e  S u i s s e  recommend a  b l a s t  o f
* S. F ra n c k ,  A r c h iv .  f .  E l e k t r o t . ,  8 ,  p p .  4 8 5 -4 8 6 ,  1 9 34 . 
x M. T o e p le r ,  A r c h iv .  f .  E l e k t r o t . ,  6 ,  p p .  4 2 9 -4 4 2 , 1 9 32 . 
/  E .R .A . R e p o r t  L /T 16 , 1926 .
w i th  s t i l l  a i r  and  t h e n  w i th  a i r  a t  v a r i o u s  v e l o c i t i e s  blown 
a c r o s s  t h e  gap  by  a  f a n  ab o u t  one y a r d  d i s t a n t .
An a i r  v e l o c i t y  o f  a b o u t  100 f t .  p e r  m in u te  a t  t h e  gap 
was found  c o n v e n ie n t  and  d i d  n o t  c a u s e  a n y  s e r i o u s  d i s t u r b a n c e  
o f  d u s t ,  e t c .  i n  t h e  room.
R e a d in g s  r e p r e s e n t a t i v e  o f  t h e  b e h a v io u r  u n d e r  t h e s e  
c o n d i t i o n s  a r e  g iv e n  i n  T ab le  3 and  a r e  f o r  a  gap  o f  0 . 3  i n c h .
On c o m p ar iso n  i t  i s  s e e n  t h a t  th e  mean v a lu e s  o f  e a c h  
s e t  o f  t e n  r e a d i n g s  a g re e  v e r y  w e l l ,  b u t  t h e r e  i s  l e s s  d i s p e r s i o n  
o f  t h e  r e a d i n g s  when a  c u r r e n t  o f  a i r  i s  blown a c r o s s  t h e  g a p .  
S i m i l a r  c o n d i t i o n s  w ere  o b s e rv e d  a t  o t h e r  s p a c i n g s .
D u rin g  t h e s e  e x p e r im e n ts  i t  was o b s e rv e d  t h a t  im m edi­
a t e l y  a f t e r  breakdow n o c c u r r e d  t h e  a r c  was b low n away f ro m  th e  
s h o r t e s t  g a p . On s u b s e q u e n t  e x a m in a t io n  o f  t h e  s p h e re  s u r f a c e  
t h e  d i s c o l o u r a t i o n  was fo u n d  t o  be  s p r e a d  o v e r  a  much g r e a t e r  
a r e a .  C o n s e q u e n t ly  i t  seems r e a s o n a b l e  t o  assum e t h a t  t h e r e  i s  
a  c o n s i d e r a b le  r e d u c t i o n  i n  th e  " p i t t i n g "  o f  t h e  s u r f a c e  o f  th e  
s p h e r e s  i n  t h e  a c t i v e  p a r t  o f  t h e  g a p .
I n  a d d i t i o n  t o  t h e  s c a v e n g in g  a c t i o n  o f  t h e  a i r  c u r r e n t  
a c r o s s  t h e  gap t h e r e  i s  a l s o  t h e  im proved  c o o l i n g  e f f e c t  w h ich  
may c o n t r i b u t e  to  t h e  d e c r e a s e  i n  th e  d i s p e r s i o n  o f  t h e  r e s u l t s .
The im provem ent o b s e rv e d  w i th  t h i s  a i r  b l a s t  was c o n ­
s i d e r e d  o f  s u f f i c i e n t  im p o r ta n c e  t o  w a r r a n t  i t s  employment i n  
a l l  s u c c e e d in g  o b s e r v a t i o n s .  The p o s s i b i l i t y  o f  d u s t  b e in g  
blown i n t o  th e  gap  by  t h e  f a n  seems u n l i k e l y  a f t e r  a i r  c o n d i t i o n s  
had  become s t e a d y  i n  t h e  r e l a t i v e l y  sm a l l  room i n  w h ich  th e
Table 3.
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e x p e r im e n ts  w ere  p e r f o rm e d .  I n  th e  e v e n t  o f  a n y  d u s t  p a r t i c l e s  
b e in g  b low n i n t o  t h e  gap  t h e r e  w ould  h av e  b e e n  su ch  a  g r e a t  
r e d u c t i o n  i n  th e  breakdow n v o l t a g e  a s  t o  w a r r a n t  t h a t  p a r t i c u l a r  
o b s e r v a t i o n  b e in g  i g n o r e d .
A p p l i c a t i o n  o f  t h e  V o l t a g e .
When t h e  i n d u c t i o n  r e g u l a t o r  was u se d  t h e  v o l t a g e  was 
r a i s e d  v e ry  g r a d u a l l y  from  z e ro  t o  t h e  breakdow n v a lu e  by  s lo w ly  
t u r n i n g  t h e  r e g u l a t o r  h a n d le  w hich  was c o u p le d  to  t h e  r o t o r  
th ro u g h  a  worm d r i v e .
W ith t h e  i n d u c t i o n  r e g u l a t o r  c u t  o u t  and  t h e  s u p p ly  
v o l t a g e  r e g u l a t e d  by  means o f  t h e  e x c i t a t i o n  o f  t h e  a l t e r n a t o r ,  
n o t  more t h a n  Z>0% o f  t h e  s p a r k o v e r  v o l t a g e  was s w i tc h e d  i n  and  
t h e r e a f t e r  t h e  v o l t a g e  g r a d u a l l y  r a i s e d  to  t h e  s p a r k o v e r  v a lu e  
by c u t t i n g  o u t  r e s i s t a n c e  i n  t h e  f i e l d  c i r c u i t .  At f i r s t  t r o u b l e  
was e x p e r i e n c e d  w i t h  t h i s  m ethod b u t  was f i n a l l y  t r a c e d  t o  a 
f a u l t y  s l i d i n g  c o n t a c t  on t h e  w i r e  r e s i s t a n c e s .  R e d e s ig n in g  
t h e  c o n t a c t  and  r e p l a c i n g  t h e  s l i d e r  by  a  sc rew  f e e d  t h e  c o n t a c t  
c o u ld  b e  d r i v e n  fo rw a rd  s lo w ly  and u n i f o r m l y .  T h is  a r ra n g e m e n t  
p ro v e d  e n t i r e l y  s a t i s f a c t o r y  and  was em ployed a s  th e  f i n a l  
c r i t i c a l  a d ju s tm e n t  o f  t h e  e x c i t a t i o n  to  p ro d u c e  s p a r k o v e r .  The 
t o t a l  t im e  r e q u i r e d  to  r a i s e  t h e  v o l t a g e  t o  t h e  b reakdow n v a lu e  
was from  15 t o  20 s e c o n d s .
The c i r c u i t  b r e a k e r  was c r i t i c a l l y  s e t  so a s  t o  o p en
%
t h e  c i r c u i t  a s  soon  a s  p o s s i b l e  a f t e r  s p a r k o v e r  o c c u r r e d ,  t h u s  
r e d u c in g  t h e  t e m p e r a tu r e  r i s e  and th e  p i t t i n g  o f  t h e  s p h e re  
s u r f a c e  t o  a minimum.
S u f f i c i e n t  t im e  was a l lo w e d  be tw een  s u c c e s s i v e  d i s ­
c h a rg e s  to  p r e v e n t  a n y  t e m p e r a tu r e  a n d / o r  i o n i s i n g  e f f e c t s  o f  
a  p r e v io u s  d i s c h a r g e  a f f e c t i n g  th e  r e s u l t s .  The l a y e r  o f  a i r  
s u r ro u n d in g  t h e  s p h e r e s  and i n  t h e  gap  m ig h t  c o n c e iv a b ly  be 
i o n i s e d  and th u s  c a u se  a  r e d u c t i o n  i n  t h e  s p a r k o v e r  v o l t a g e .
The a i r  b l a s t  a c r o s s  th e  gap  e n s u r e s  r a p i d  rem ov a l o f  a n y  such  
i o n i s a t i o n .
T a b le  4 d e m o n s t r a te s  t h i s  e f f e c t .  R e a d in g s  "b" and 
"c"  w ere  t a k e n  a s  soon  a s  p o s s i b l e  a f t e r  r e a d i n g  " a "  i n  each  
s e t  o f  t h r e e .  W hereas a f t e r  r e a d i n g  "c"  o f  one s e t  an  i n t e r v a l  
o f  a t  l e a s t  90 se co n d s  was a l lo w e d  t o  e l a p s e  b e f o r e  r e a d in g  
«a" o f  t h e  n e x t  s e t  was t a k e n .  From t h e s e  r e s u l t s  t h e  e f f e c t s  
o f  t h e  p r e v io u s  d i s c h a r g e  c an  be  t a k e n  a s  c o m p le te ly  d i s p e l l e d  
a f t e r  t h i s  i n t e r v a l  o f  t im e .
S in c e  c a r r y i n g  o u t  t h i s  i n v e s t i g a t i o n ,  v e r y  s i m i l a r  
r e s u l t s  h av e  b e e n  p u D l is h e d  by  J .  C l a u s s i t z e r .*  To a v o id  s u rg e  
e f f e c t s  h e  recommends t h a t  t h e  i n i t i a l  a p p l i e d  v o l t a g e  s h o u ld  
n o t  e x ce ed  20$ o f  t h e  s p a r k o v e r  v a lu e  and  t h a t  30 s e c o n d s  s h o u ld  
be  t a k e n  to  r i s e  to  th e  breakdow n v a lu e  i f  t h e  v o l t a g e  i s  r a i s e d  
i n  sm a l l  s t e p s .  I t  i s  f u r t h e r  recommended t h a t  a t  l e a s t  one 
m in u te  sh o u ld  e l a p s e  b e f o r e  th e  n e x t  d i s c h a r g e .  T h ese  v a lu e s  
a r e  employed up t o  700 kV.
I n  T a b le  5 i s  g iv e n  a  c o m p le te  s e t  o f  o b s e r v a t i o n s  
embodying t h e  v a r i o u s  p o i n t s  o f  p r o c e d u r e  a l r e a d y  d i s c u s s e d .
* J .  C l a u s s i t z e r ,  E . T . Z . ,  57 , p p .  1 7 7 -1 8 0 , F e b .  13 , 1936 .
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S p e c ific  P l S T A h C E  i n  M i l l i m e t e r s
S P H E R E - C A P  V O L T A G E  M E A S U R E M E H T .
C u r v e s  f o r  2  c m .  d i a m e t e r  S p h e r e s .
e  7 .
i . e .  s p h e r e s  c le a n e d  im m e d ia te ly  b e f o r e  t e s t ;  a t  l e a s t  20 d i s ­
c h a rg e s  o c c u r r e d  b e f o r e  r e a d i n g s  s t a r t e d ;  a i r  v e l o c i t y  a t  gap 
100 f t .  p e r  m in u te ;  90 se c o n d s  b e tw ee n  each  r e a d i n g .
Ten r e a d i n g s  w ere  t a k e n  a t  e a c h  gap  s e t t i n g  and  th e  
mean v a lu e  p l o t t e d ,  F i g .  7 ,  and  compared w i th  t h e  E .R .A . v a l u e .
I n c lu d e d  i n  t h e  t a b l e  a r e  t h e  d i s p e r s i o n s  o f  t h e  r e a d ­
in g s  above  and below  t h e  mean v a l u e .
As t h e  g r e a t e s t  d i f f e r e n c e  b e tw ee n  t h e  o b se rv e d  and th e  
E .R .A . v a lu e s  o c c u r  a t  t h e  h i g h e r  s p a c in g s  i t  was th o u g h t  t h a t  
i t  m igh t be  a t t r i b u t a b l e  to  some c o ro n a  a c t i o n  t a k i n g  p l a c e  a t  
t h e s e  h i g h e r  v o l t a g e s .  The n e a r e s t  m e ta l  a t  w h ich  c o ro n a  o r  
o t h e r  d i s t u r b i n g  e f f e c t  m ig h t  t a k e  p l a c e  was t h e  h . t .  l e a d  to  
th e  u p p e r  s p h e r e .  The d i a m e te r  o f  t h i s  l e a d  was r e d u c e d  from
0 .1 8 8 " ( 3 /1 6 " )  t o  t h e  recommended v a lu e  o f  one f i f t h  o f  t h e  
sp h e re  d i a m e te r ,  i . e .  4 mm. o r  0 .1 5 7 " .  No a p p r e c i a b l e  change 
was o b s e rv e d  i n  t h e  c a l i b r a t i o n .
The b r a s s  m oun ting  o f  t h e  u p p e r  s p h e re  was a  more 
l i k e l y  s o u rc e  o f  u n d e s i r a b l e  c o ro n a ,  p a r t i c u l a r l y  a s  t h e  sh a rp  
p o i n t s  o f  t h e  wood sc rew s w ere d i s t a n t  o n l y  a b o u t  4 cm. from  
t h e  s p h e r e .  The h . t .  l e a d  was l e n g th e n e d  and th e  b r a s s
m ounting  r e p l a c e d  b y  a  h ard -w ood  t a p e r e d  p lu g ,  a s  shown i n  
F i g .  8 .  T h is  p ro d u c e d  a  s l i g h t  g e n e r a l  im provem ent i n  th e  
c a l i b r a t i o n  a s  s e e n  by  com paring  T ab le  5 w i th  T a b le  6 and 
F i g .  7 w i th  F i g .  9 .
The c a l i b r a t i o n  was r e p e a t e d  a  few  d ay s  l a t e r  t o  
d e te r m in e  i f  t h e  r e s u l t s  o b t a i n e d  p r e v i o u s l y  w ere  r e p r o d u c i b l e .
2 4
M ounting op U p p e r  S p h e r e .
H.T COMWeCTlOH
L o c h  N w t .
B R A S S  B U S H
APPE-D £  B.fl
0 - 1 9 9  D 'A .








H a r d  W o o  p .
O - l S T  D I A .
FINAL ARRANGEMENT.
S c a l e : -  F u l l  S I Z E .




2 -5 4 3 -8 / 5 0 8 6 -3 5 7 -6 2 8 -8 9 10-16 / / - 4 3 1 2 -7 0
6 -9 8 9  9 2 12-63 14 6 4 Z7-/6 19-29 21-/4 73-/6 2 4 4 8
6 “78 /O'Ol 12-44 1 4 7 4 17-/6 /9 -3 8 21-17 23-32 24-38
6 -9 2 9 9 5 12-32 1 4 7 6 17-20 19-56 21 7 4 2 3 '  23 24-4 /
Y'O! 1 0 ‘01 12-42 14-74 17-25 19-32 2 /- OQ 23-32 2 4  53
6 -9 2 9- 92 12-3 2 1 4 7 4 1 7 2 5 19-29 21-08 2 3 2 0 24-41
6 - 9 2 9 8 2 12-51 1 4 7 0 1776 19-49 21-23 23-32 24-38
7 0 1 8-9S- 12-63 1 4 6 7 17-04 19-20 2 /-Z 0 23-32 24-38
7 0 9 10-04 10-32 14-77 17-29 19-45 ZI -23 23-32 2 4 -4 4
6 -7 8 9  9 / / 2 - S 7 !4 '7 4 17-/6 (9-29 2 1 -2 0 23-23 2 4 3 8
6 ' 9 8 9 9 9 /Z -3 5 1 4 7 0 /7 4 1 1 9 -3 5 2 / - / / 23-29 2 4 -5 3
6 - 9 7 7 9 5 /  2-4-5 1 4 7 2 /  7-2.0 19-36 2 1 / 6 2 3-27 24-43
9 -9 5 12-42 15-05 17-43 19-80 2 /-8 2 2 3 -6 0
hO-O 7 +0 0 q + 0 - / 8 +0 - 0 7 +0 2 / + 0  2.0 + 0-07 + 0 -0S + o-/o
- 0 0 E -O'04. - 0-/3 -o-oa - 0- /6 -0-16 - 0 -0 8 -O-// -O 'OS
+ / - 00 + 0 4 0 t- i-4 5 + 0-47 +1-22 + /-0 3 + 0-33 + 0-21 + 0 4 /
- 0 7 2 -0 -4 0 -1-04 -0 -5 4 -0 -9 3 -0 -8 3 -0 -3 8 - 0-4 7 - 0 - 2 0
L eng th






PHERE - G A P  V O L T A G E  M E A S U R E M E N T .
C u r v e s  f o r  2  c m .  d i a m e t e r  S p h e r e s .
Figure 9 .
S p ec ific  D i s t a n c e  i n
I n  t h i s  c a s e  t h e  s p h e r e s  w ere  n o t  c le a n e d  p r i o r  t o  commencing 
o b s e r v a t i o n s .  The r e s u l t s  a r e  g i v e n  i n  T a b le  7 and a r e  s e e n  
t o  a g re e  c l o s e l y  w i th  t h o s e  o f  T a b le  6 (p ag e  2 9 ) .
R e g a rd in g  t h e  a c c u ra c y  o f  s p h e re  gap  o b s e r v a t i o n s  
i t  i s  n o te w o r th y  t h a t  t h e r e  i s  n o t  c o m p le te  a g re em e n t  among 
e x p e r i m e n t e r s .  J u s t  t o  q u o te  two exam ples
( a )  S. W hitehead*  makes t h e  f o l lo w in g  t h r e e  s t a t e m e n t s
"A s i n g l e  r e a d i n g  on  a s t a n d a r d  s p h e r e - g a p  w i l l  
be  c o r r e c t  t o  a t  l e a s t  5 p e r  c e n t  w i t h o u t  any  
p a r t i c u l a r  p r e c a u t i o n s  b e in g  t a k e n  beyond  t h e  
rem o va l o f  o b v io u s  i m p u r i t i e s  from  t h e  s u r f a c e . "
"W ith s p e c i a l  p r e c a u t i o n s  a  s i n g l e  r e a d i n g  w i l l  
be  c o r r e c t  t o  1 p e r  c e n t  and  th e  p r o b a b l e  e r r o r  
c a n  be  r e d u c e d  t o  a b o u t  0 . 5  p e r  c e n t  by t a k i n g  
th e  mean o f  4 o r  5 r e a d i n g s . "
"T here  s t i l l ,  ho w ever ,  r e m a in s  t h e  p o s s i b i l i t y  
o f  o c c a s i o n a l  i n d i v i d u a l  v a r i a t i o n s  up to  3 o r  
4 p e r  c e n t  w h ich  h av e  n o t  a l t o g e t h e r  b e e n  
a c c o u n te d  f o r . "
* S . W h itehead  and A. P .  C a s t e l l a i n ,  I . E . E . J . ,  69 , p p .  8 9 8 -9 2 1 , 
1931.
(b )  P .  L. B e l l a s c h i ,
"With o r d i n a r y  c l e a n i n g  o f  t h e  gap b e f o r e  u se  
and a f t e r  some p r e l i m i n a r y  s p a r k o v e r s ,  and  
f o r  o p e n in g s  n o t  e x c e e d in g  o n e - h a l f  d i a m e t e r ,  
s u c c e s s iv e  m easu rem en ts  o f  t h e  v o l t a g e  seldom  
v a r y  fro m  each  o t h e r  more t h a n  2 p e r  c e n t . "
To s i m p l i f y  th e  c o m p a r iso n  o f  t h e  t a b l e s  and  c u rv e s  
o b t a i n e d  i n  t h e s e  e x p e r im e n ts  F i g .  11 shows t h e  c u rv e s  f o r  
1% and  2% d e v i a t i o n  from  th e  s t a n d a r d  E .R .A . v a l u e s .  T hese  
c u rv e s  a r e  p l o t t e d  from  t h e  v a lu e s  i n  T a b le  8 .
Table 7,
BREA KDOWN KILOVOLTS
2 -5 4 3 -6 / 5*08 6-35 7*62 8*89 10-16 U -4 3 1 2 -7 0
6-98 9*87 /2'33 /J-‘04 / T U /9-48 2 1 -5 7 23'37 2 5 / 8
6  9  2 9'99 /2*48 /4 8 6 I T  !7 /?'38 2.1-32 23 3/ 25-27
6 - 8 3 /o-17 / 2 - 26 /4-80 17-/4 /9 '6T 21-35 23-25' 2 5 2 /
6 -9 8 9 9 7 / 2 - 2  6 /4 8 0 1 7 2 .6 Z9-79 2.1-29 23-47 25-/8
6 -8 6 /O '// / 2.' 6 0 /4’92 17-32 19-61 2/38 27-/9 25-24
6 - 8 6 /O' 0 2 . 12.-45 /4 -80 H U I 9 E 8 21-35 23-37 2 5 -/8
6-83 9-87 /2-42 14-89 17-14 1 9 4 9 21-44 2 3-2 5 2 5 2 4
6 < ? 2 9-84 Z2-26 /5 -0 / 17-17 19-71 21-41 23-3/ 2 5 ' 2 /
6-98 9 8 7 /2-54 /4  89 172.3 19-51 21-32 23-41 25--27
6 - 8 6 9 9 3 /2 ’45 /4'92 172.3 / 9 Q 5 2 / -SO 2 7 -2 5 25-27
& 9 o 9-4* /2-4/ /4 ‘89 n-i9 19-61 2 1 4 0 23 -31 25-27
9-55 /2*4.? /5-05 17-43 18-80 2 /  -82 2 3 -6 0
*008 + 0 *2 / +0/7 + 0/5- +0 / 3 +0-2.4 +OV7 + 0 - / 2 + 0 0 4
- 0 0 7 - 0 / 2 -O-Af - 0 0 9 -0-08 -0 -/3 -o -u - 0 / 2 -0 -0 5
+ 1/6 *2 -// +/-5*3 +/-0/ + - 0 7 6 +1-22 ■+0-89 +0-5/ + 0-/5
-/■oi - / • 2 0 - /  2 / - 0 * 6 0 -0-47 - 0 - 6 6 - 0 -5 / -0 -5 / -0 -2 0
L en g th
M e on  
E.R.AVatue
Disp e r s /o n
Perce n to ge 
D ispersion
E R A .  C u r v e
S P H E R E - G A P  V O L T A G E  M E A S U R E M E N T .
C u r v e s  f o r  2  c m .  d i a m e t e r  S p h e r e s .
Figure /  Q.
^ * C lr lq  P lS T A W C  E  I N  M l L L I M F T P a c
Tab /e 8.
B R E A K D O W N  K IL O V O L T S .
G*p (mm)
L c n g th .
E .R .A .V a lu e  + 2 °lo
n  »  + / %
”  ”  % 
ER.A.Vd/ue
”  ”  -  /  %
”  ”  -  2  %
-3-e/ 5  0 8 6 -3 5 7 6 2 8 - 8 9 10-16 H - 4 3
/0 -/5 Z2.-67 I5-3S 17-78 2 0 - 2 0 22-26 2 4 0 7
/O'OS 12-54 15-20 17-60 2 0 0 0 2 2 0 4 23-Q4
10-00 12-48 1513 1 7 5 2 19 90 2 J 9 3 23 72.
\ 9 - 9 S 1 2 4  2 1 5 0 5 17-43 19-80 2I-Q2 2 3 -6 0
9  9 0 12-36 1 4 9 7 1 7 3 4 19-70 2171 2 3 4 8
9 8 5 12-30 ! 4 9 o 17-26 i 9  6 0 2 1 6 0 2 3  36
9 ' 7 5 12-17 1 4 7 0 17-08 1 9 4 0 2 1 3 8 2373
E.RA. C u r v e
S P H E R E  G A P  V O L T A G E  M E A S U R E M E N T .
C u r v e s  f o r  2  c m .  d i a m e t e r  S p h e r e s .
Figure /  / .
S p a c i h c  D i s t a n c e  i n  M i l l i m e t e r s
1% D ev ia t ion  
2 °/, D ev ia t ion
Wave Form I n v e s t i g a t i o n s .
A s e r i e s  o f  o b s e r v a t i o n s  was c a r r i e d  o u t  t o  f i n d  i f  th e  
same r e s u l t s  w ere  o b t a i n e d  when t h e  i n d u c t i o n  r e g u l a t o r  was 
employed to  v a ry  t h e  p r im a ry  v o l t a g e  a s  when t h e  a l t e r n a t o r  was 
co n nec ted  d i r e c t l y  a c r o s s  t h e  t r a n s f o r m e r  p r im a r y  and th e  
v o l ta g e  v a r i e d  by means o f  t h e  a l t e r n a t o r  e x c i t a t i o n .
A th r o w -o v e r  s w i tc h  was a r r a n g e d  so  t h a t  t h e  t r a n s f o r m e r  
p r im a ry  c o u ld  be c o n v e n i e n t l y  c o n n e c te d  to  e i t h e r  o f  th e  above 
so u rc e s  o f  s u p p l y .  To e n s u r e  t h a t  t h e  same a i r  c o n d i t i o n s ,  
sp h e re  t e m p e r a t u r e ,  s u r f a c e  c o n d i t i o n s ,  e t c .  w ere  o b t a i n e d ,  
o b s e r v a t i o n s  f o r  a  g iv e n  gap s e t t i n g  w ere  t a k e n  i n  t h e  o r d e r  
i n d i c a t e d  i n  T a b le s  9 and 10 , v i z . : -
A -  f i v e  r e a d i n g s  w i th  i n d u c t i o n  r e g u l a t o r  
i n  c i r c u i t .
B -  f i v e  r e a d i n g s  w i t h  i n d u c t i o n  r e g u l a t o r  
c u t  o u t .
C -  f i v e  r e a d i n g s  a s  A.
D -  f i v e  r e a d i n g s  a s  B.
I n  P i g .  12 th e  mean v a l u e s  f o r  t h e  two a r ra n g e m e n ts  
a r e  p l o t t e d  w i t h  th e  s t a n d a r d  c u r v e .
The mean v a l u e s  o f  t h e  t e n  r e a d i n g s  f o r  th e  two a r r a n g e ­
m ents a r e  s e e n  t o  g iv e  f a i r  a g re e m e n t  o v e r  t h e  u s e f u l  r a n g e  o f  
gap  l e n g t h s ,  i . e .  from  3 .8  t o  11 mm. I t  i s  t o  be  n o te d  how ever 
t h a t  t h e  d i f f e r e n c e  be tw een  t h e  two s e t s  o f  r e a d i n g s  i n c r e a s e s  
a t  th e  h i g h e r  v o l t a g e s .  T h is  c o u ld  b e  due t o  t h e  wave fo rm  o f  
th e  a p p l i e d  v o l t a g e  c h a n g in g  a s  t h e  p o s i t i o n  o f  th e  r o t o r  o f  th e
T i b / e  9 3 4
BREAKDOWN K /l OVOLTS.
3 - 8 / 5 0 8 6 - 3 5 7 - 6 2 Q - 8 9 /0 / 6 n - 4 2 1 2 -7 0 C ap (mm) L e n g th .
n o (2 -7 5 15-01 17-56 I9 ’8 4 21-88 2 3 2 8 2 4 8 9
q q O /2-67 1 4 9 1 17-56 (9-81 21-57 23-21 75 -04
9 8 7 IS-75T /4 '8 9 17-62 1 ^ 7 8 21-66 2 5 2 1 2 5 0 / \ a
9-74 12-79 (4 '9 2 ( 7 5 3 19  7 2 2 1 -75 2 3 -2 8 2 S ' 0 4
9 8 4 12-73 / 5 '0 i 17-59 19-84 21-66 2 3 -2 8 2 5 -0 4
9  9 o (2 -6 5 15-01 17-56 1 9 -7 5 2 1 -7 9 2 3 -3 6 249 8
9 9 3 12-56 15-05 (7 -6 2 19-72 21-88 2 3 -36 2 4 - 9 5
9 7 4 12-53 15-01 17-62 (9 -7 o 2 1 -8 5 2 3 -36 7 4 9 5 c
9 ' 9 0 17-59 /S - o 5 (7 -5 6 ( 9  7 8 21-75 2 3 -4 0 25-01
9 7 3 1 2 -6 5 I5-0& /7-59 1 9 -84 2 1 -8 5 23 -36 2 4 -9 8
9 ' S S 12-67 15-00 /7 - 5 8 1 9 -7 9 21-76 2 3 3 / 24-99 Mean.
9 - 9 5 1 2 -4 2 1 5 -0 5 17-43 / .9 • 8 0 2 / 8 2 2 3  60 E.R.A V a lu e
+ 007  
~ o n
+0 /2.
- 0 / 4
*0-o9,
- o - / r
-*0-04
- 0 0 5
+0*05*
-007
+ 0 -/2. 
-o -rq
+0-09  
- 0 - / 0
* 0 0 5
- 0 - / 0
D isp ers io n
+ 0 7 0
-/■//
+ 0 9 4
- I - 0 9
* 0 5 3
-0 -7 3
+ 0 2  3 
- 0  2 8
+ 0 - 2 5  
- 0 3 5





- 0 - 4 0
P e rc e n ta g
D isp ers io n
«
T i b / *  10. 35
BREA KDO O' N K /l O /O L rb
3 - 8 / 5 0 8 6 - 3 5 7-62 8 - 8 9 / o / e l / t - 4 2 \ 12-70 L
/«?/> I777W.) 
.ength
9 - 8 3 1 2 7 3 1 4 9 2 17-56 / 9 - e r 2 / 6 6 22-96 24-67
9 9 3 12 . 82 / i ^ 17-56 19-75 2 /72 23-03 2 4 6 /
9 9 o / 2 -7 o /5-'06 17-65 / 9 -81 2 / 6 6 22-96 2.46/ r
9 3 7 /2-88 /4-09 17-53 1 9-62 2 1 -5 7 22-90 24*6/
9-87 1 2 8 2 /SO Z 17-56 19-75 21-63 22-93 2 4 6 /
9 8 3 12-85 /5-02 17-53 19-69 21-66 23-37 2 4-6/ ■N
9 8 3 12-76 /5 - o 5 1 7 5 3 1 9 7 6 2 1 -5 7 2337 24 64
9 81 127 3 ( 4 9 2 17-56 19-81 2 1 -5 7 2 3-24- 2 4 6 / I d
9 9 9 1 2 7 9 17-53 1 9 8 4 21-48 23-3/ 2 4 5 8
9  9 3 1 2 8 5 15-08 17-62 19-75 2 1-54 2 3 3 / 2 4 6 1 <
9-88 /2-7y 15-00 1 7 5 6 19-17 21-61 <23-/4 2462 Kiean.
9 - 9 5 12-42 /5 -0 5 17-43 / 9 - 8  0 2 / 8 2 2 3 - 8 0 E.R.A.Vd/ue
+ 0 // *•0-0 9 ■#■008 4-0-09 -4-0/0 ■40// 40-/3 4 0 0 5 Dispersi on
-OoT - 0 0 9 - 0 // - 0-03 - o / s - 0 / 3 - 0-24 - 0 -0 +
t-l’/o for© +0'5’3 -4-0-5/ -4-0-57 4-0-54 *0-36 4-0-20 1 Perce n tage
-07b -0 7 0 -073 - 0 - / 7 -0 7 6 - o-6 o -1-04 - 0 / 6
fO/spers/on
E . R A .  C u r v ekw
S p ec ific  D i s t a n c e  IN M i l l i m e t e r s
S P H E R E G A P  V O L T A G E  M E A S U R E M E N T .
C u r v e s  f o r  2  c m . d i a m e t e r  S p h e r e s .
With 'j 
In d u c tio n  I 
R e g u la to r  J
W ith o u t "J 
In d u c t  io n  I 
R egu la tor J
Figure 1 2 .
i n d u c t io n  r e g u l a t o r  i s  a l t e r e d .  To i n v e s t i g a t e  t h i s  p o i n t  t h e  
fo l lo w in g  two t e s t s  w e re  c a r r i e d  o u t : -
( a )  With t h e  i n d u c t i o n  r e g u l a t o r  s e t  t o  g i v e  a  maximum v o l t a g e ,
i . e .  d o u b l in g  t h e  a l t e r n a t o r  s u p p ly ;  and
(b )  With t h e  i n d u c t i o n  r e g u l a t o r  s e t  t o  g i v e  h a l f  o f  th e  
maximum v o l t a g e ,  i . e .  t h e  same a s  t h e  a l t e r n a t o r  v o l t a g e .
I n  b o th  t e s t s  t h e  v o l t a g e  was r a i s e d  to  t h e  breakdow n 
v a lu e  f o r  th e  gap by  a d ju s tm e n t  o f  th e  a l t e r n a t o r  e x c i t a t i o n .
T ab le  11 g i v e s  t h e  r e a d i n g s  o b t a i n e d  and w i th  P i g .  13 
c l e a r l y  i n d i c a t e s  t h a t  t h e  i n d u c t i o n  r e g u l a t o r  m ust  be  c a u s in g  
an a p p r e c ia b le  change i n  t h e  w ave-fo rm  o f  t h e  v o l t a g e  a p p l i e d  
to  th e  t r a n s f o r m e r  p r im a r y .
T h a t t h e  wave fo rm  o f  t h e  a p p l i e d  v o l t a g e  h a s  a  c o n ­
s i d e r a b l e  i n f l u e n c e  on t h e  v a lu e s  o b t a i n e d  f o r  t h e  breakdow n 
f i e l d  s t r e n g t h  o f  t h e  gap  i s  f u r t h e r  d e m o n s t r a te d  by  t h e  
fo l lo w in g  e x p e r im e n t  w h ich  was s u g g e s te d  by  t h e  a p p a r e n t  d i s ­
c re p an c y  o b s e rv e d  i n  th e  r e s u l t s ,  m e re ly  by  a l t e r i n g  t h e  s t a t o r  
c o n n e c t io n s  o f  t h e  a l t e r n a t o r  from  d e l t a  t o  s t a r .
The p r o c e d u r e  a d o p te d  w as t o  a d j u s t  th e  gap l e n g t h  to  
a  d e f i n i t e  v a lu e  and  to  d e te rm in e  t h e  breakdow n v a lu e  w i t h  th e  
s t a t o r  o f  t h e  a l t e r n a t o r  d e l t a  c o n n e c te d .  Im m e d ia te ly  t h e r e ­
a f t e r ,  th u s  e n s u r in g  t h a t  th e  a tm o s p h e r ic  c o n d i t i o n s  w ere  
unchanged , t h e  s t a t o r  c o n n e c t io n s  w ere  a l t e r e d  t o  t h e  s t a r  
a r ra n g em e n t  and a  s e t  o f  r e a d i n g s  o f  t h e  b reakdow n v a lu e  o b t a i n e d  
f o r  t h e  same gap s e t t i n g .
38
Table / / .
BREAKDOW N KILOVOLTS.
3 - 8 / 5 -0 8 6-3 5 7 -62 8 - 8 9 10-16 n-43 12-70
!0- /3 12-81 1577 1 7 9 8 20-39 22-34 23 73 25-27
10-07 12-81 15-77 17 9! a o 4 8 22-21 23 64 2 5  24
I0-2S 12 8 8 15-68 18-04 2.0 -5/ 22 4 ° 23-6 4 2 5 2 7
10-13 1 2 9 4 / 5 7  / 17-95 20-33 22-44 23 67 2 5 3 0
1013 12-94 15-62 17 98 20-39 22 3 2 23 73 2 5 2 7
1 0 1 4 1 2-8 8 15-91 17-97 20-42 2 2 3 6 23 -68 2 5 2 7
9-94 12-57 15-21 17-24 1 9 2 9 2.1-49 22-94 2 4 3 6
9 97 12-72 15-16 ! 7 3 o 1932 2< -3/ 22-85 2439
9 94 12-51 1519 17-36 1 9 5 0 2 1 4 6 2 2 9 J 24 30
9 8 5 12-75 1576 17-33 1 9 3 8 2 1 4 6 22  88 2 4 3 0
9 9 7 12-54 15-19 17-36 19-44 21-49 2 2 9 7 24  36
994 1 2 - 6 2 15-lf 17-32 1 9 3 9 21-44 22-92 2434
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Figure 1 3 .
M h- u m e t e b sS p a c i m c  D i s t a n c e in
The a p p l i e d  v o l t a g e  was s u i t a b l y  c o n t r o l l e d  by  means 
o f  th e  e x c i t a t i o n  o f  th e  a l t e r n a t o r .  A f t e r  a  s e t  o f  t e n
r e a d in g s  had  b e e n  t a k e n  f o r  b o th  a r ra n g e m e n ts  o f  t h e  s t a t o r
w in d in g , th e  gap  l e n g t h  was a d j u s t e d  t o  o t h e r  v a lu e s  and th e
o b s e r v a t io n s  r e p e a t e d .  The r e s u l t s  a r e  shown i n  T a b le s  12 and
13 and F i g .  1 4 a .
From t h e s e  f i g u r e s  and  c u rv e s  i t  may be  c o n c lu d e d  t h a t  
th e  r o o t - m e a n - s q u a r e  v a lu e  i s  n o t  a  s a t i s f a c t o r y  v a lu e  i n  w hich  
to  e x p re s s  t h e  breakdow n f i e l d  s t r e n g t h  o f  an  a i r  g a p .  A 
s ta te m e n t  o f  t h e  p e a k  v a lu e  w ould  be  p r e f e r a b l e  f o r  p r a c t i c a l  
p u rp o se s  s i n c e  i t  i s  se ldom , i f  e v e r ,  t h a t  t h e  v o l t a g e  u n d e r  
t e s t  c o n d i t i o n s  f o l lo w s  th e  i d e a l  o f  a  s i n e  c u rv e .  M oreover, 
s t a t i n g  t h e  p e a k  v a lu e  w ould  n a t u r a l l y  i n f e r  t h a t  e i t h e r  th e  
peak v a lu e  was t o  be m easu red  o r  t h a t  a  know ledge o f  th e  wave­
form o f  t h e  v o l t a g e  wave was n e c e s s a r y  f ro m  w h ic h  t h e  p e ak  
v a lu e  c o u ld  be d e te r m in e d .
A c c o r d in g ly ,  c a t h o d e - r a y  o s c i l l o g r a m s  w ere  t a k e n  o f  
th e  p r im a r y  v o l t a g e  wave o f  t h e  h . t .  t r a n s f o r m e r  when s u p p l i e d  
from t h e  v a r i o u s  s o u r c e s  u se d  i n  t h e s e  e x p e r i m e n t s .  S in c e  th e  
t r a n s f o r m e r  i s  p r a c t i c a l l y  on open  c i r c u i t  and  t h e  a p p l i e d  
v o l t a g e  i s  o n l y  a  f r a c t i o n  ( n e v e r  g r e a t e r  t h a n  25 p e r  c e n t  i n  
th e s e  t e s t s )  o f  t h e  n o rm al v a l u e ,  t h e  s e c o n d a ry  wave fo rm  may 
be assumed to  be s i m i l a r  t o  t h a t  o f  t h e  p r i m a r y .
I t  m ig h t  b e  m e n t io n e d  h e r e  t h a t  t h e  o s c i l l o g r a m s  were 
o b ta in e d  by  p h o to g r a p h in g  th e  waves on t h e  s c r e e n  o f  t h e  c a th o d e  
r a y  o s c i l l o g r a p h  w h ich  h a d  r e c e n t l y  been  i n s t a l l e d  i n  th e
Table 12'
S ta to r  Delta Connected.
4 1
BREAKDOWN K/ l OVOLTS.
3 8 / 5  0 8 6-35 7-62 8 - 8 9 /0-/6 n-42 12-70
9 '5 6 /2 -o4 14'49 16-66 19-23 2 1 0 0 22-54 2 4  07
r S 7 / 2-02 14-40 16-63 19-32 20-94 2 2  -54 24-04
9 ' 5 9 12-02 1 4 5 2 / 6 6 O /9-OS 20-94 22-63 2 4  0 7
9 ' 6 o 1 2 0 2 14-49 16-69 19-11 2 1 0 4 2 2 - 6 0 24-04
9-62 12-04 1 4 4 9 16-72 1 9 0 8 2 1 -0 4 22-60 24-07
9 S 6 12 02 1 4 4 9 1 6 6 9 19-OS 2 1 0 0 22-00 24-04
9 6 2 H-98 1449 16-69 1 9 2 3 2 1 0 0 22-56 2  40 4
9-62 12-04 14-43 16-68 / 9-OS 2 0 9 7 22-56 2 4 0 7
9  S 9 1 /9 3 1 4 4 9 16-66 19-02 20-97 22-63 2 4 0 4
9 6 o U-9Q /4 'S 2 1 6 7 2 19-02 21-00 22-6 3 2 4 0 4
9 -5 9 H-9Q I+4S 16-68 1 9 / 2 2 0 -9 9 2 2 'S q 2 4  OS
9-95 12-42 / 5-05 17-43 /9-SO 2/ 82 2 3 - 6 0
+003 +0 *0 4 •#■004 +004 +0-20 0 -os- +00 4 + 002.
-0-03 - 0 0 7 - 0 0 8 -o-o 8 - O-lo - 0-02. - o-os•-001
f0*3i + 0*32 +0-28 +024 ♦ /•03* +0-24 +o>4e +0-0&







BREAKDO WN K / l  OVOL f S
3 8 / 5 - 0 8 6 - 3 5 7 - 6 2 8 ' 8 9 10-16 II-4 2 12-70
10' 28 / 2-88 IS-4 7 h q  s 20-27 2 2 / 9 23-86 2 5 4 5
/D-32 12-90 /S' 41 IQ-04 2 0 3 3 22-23 23*89 2 S 4 5
/o-34 12-93 IS  44 U - 9 8 20-35 22-19 23-86 2  S'-42
to-ZQ 12-94 15-44 18-07 20-30 22-23 23-92 25-45
10-34 12-90 1 5 5 9 18-04 2 0-24 22-25 23-92 2 S-45
1 0 3 7 1 2 -8 5 I S S 6 18-01 2 0 - 2 7 22-20 23-86 25-42
10-32 12-93 IS S o 1 8 / 0 2 0 -/& 2 2 / 4 23-83 2 5 4 2
/O' 37 12-94 1541 I&-IO 20-33 2 2 /4 23 -92 2 5 4 5
10-37 12-90 IS-44 18-07 20-24 22-29 23 -86 2 5 3 9
1 0 2 9 12-94 IS-4I IQ-Ol 20-30 2 2 / 4 23*89 2 5 4 2
10-33 12 9 / I S 4 7 1 6 0 3 2028 22*20 2389 25-44
9 - 9 5 12-42 / 5 '05 17-43 I9- Qr 2 /  82 2 3 - 6 0
+0 -04. +003 +0*/2 +0-07 4-008 +O-09 +0*03 4-0-0/
-DOS' -0*06 -0*06 -o */8 -0-/0 - 0-06 - 0 ‘o6 - 0 0 5
*■039 +0-2 3 +o r e +03? *-0-40 +0 4 / t-O/2. *■0 0 4




 P ercentage  
Dispersion
STAR
E .R A . Cw v e
S p A c i r < c  D i s t a n c e  i n  M h -u m e t e r s
Figure /4a
S P H E R E - G A P  V O L T A G E  M E A S U R E M E N T .
C u r v e s  f o r  2  c m .  d i a m e t e r  S p h e r e s .
l a b o r a t o r y .  A r i g i d  b a s e  and  f i x i n g  was a r r a n g e d  f o r  th e  cam era 
so t h a t  i t  c o u ld  be  d ro p p ed  i n t o  p l a c e  and  w ould  r e q u i r e  t h e  
minimum o f  a d j u s t m e n t s .
A s u i t a b l e  l e n s  (+4 d i o p t e r s  o r  10" f o c a l  l e n g t h )  was 
f i t t e d  t o  a  q u a r t e r  p l a t e  cam era  t o  fo rm  a  " p o r t r a i t  a t t a c h m e n t"  
which f o c u s s e d  a b o u t  10 i n c h e s  from  t h e  o s c i l l o g r a p h  s c r e e n .
T h is  s t r e n g t h  o f  l e n s  was c h o sen  from  two c o n s i d e r a t i o n s ,
(a )  t h a t ,  a t  a  d i s t a n c e  o f  10 in c h e s  f rom  t h e  o s c i l l o g r a p h  
s c r e e n ,  t h e  cam era  d i s t o r t i o n  was n e g l i g i b l e ,  and ( b )  s in c e  
o n ly  one h a l f  o f  a  p l a t e  was r e q u i r e d  f o r  each  o s c i l l o g r a m ,  
s u i t a b l e  m ask ing  and r a i s i n g  o f  t h e  cam era  h e a d  e n a b le d  two 
o s c i l l o g r a m s  to  be r e c o r d e d  on  each  q u a r t e r  p l a t e .  From th e  
n e g a t i v e s ,  e n la rg e m e n ts  w ere  t a k e n  o f  a  s i z e  w hich  a l lo w e d  th e  
peak  v a lu e  t o  be  m easu red  and th e  r . m . s .  v a lu e  to  be d e te rm in e d  
w i th  r e a s o n a b l e  a c c u r a c y .
F l e m i n g 's  Method o f  d e r i v i n g  t h e  r . m . s .  v a lu e  o f  th e  
waves o b ta in e d  was c o n s i d e r e d  th e  l e a s t  l a b o r i o u s  s i n c e  i t  does 
n o t  n e c e s s i t a t e  s q u a r in g  th e  o r d i n a t e s .  B r i e f l y  i t  i s  a s  f o l lo w s
The g iv e n  c u rv e  i s  
r e p l o t t e d  i n  p o l a r  c o - o r d i n a t e s ,  
so t h a t  e q u a l  p o l a r  a n g le s ,  
c o rre sp o n d  to  e q u a l  d i s t a n c e s  
on th e  a b s c i s s a e .  ( ot may be  
o f  any v a lu e  w h a t e v e r ) . I f  y  
i s  any  p o l a r  r a d i u s  t h e n  th e  
a r e a  o f  sin i n f i n i t e s i m a l  t r i a n g l e
g
sub tended  by  a  p o l a r  a n g le  d o t  i s  \  y.d®c ( s i n c e  y i s  th e  
a l t i t u d e  o f  th e  t r i a n g l e  on b a s e  y.d<*. ) . ^
T C 2. . A rea  w i t h i n  p o l a r  c u rv e  = A = t  / y .  dot
S ince  y  i s  a l s o  an  o r d i n a t e  o f  t h e  g iv e n  c u rv e  on b a se  &
r*I 2Mean s q u a re  v a lu e  o f  g iv e n  c u rv e  = —  / y. d&
o
ot
a r / y -
-v*
o
d<*. s i n c e  c< 
p r o p l . t o  6
2A
oC
Root Mean S q uare  V alue
Since A, th e  a r e a  w i t h i n  t h e  p o l a r  c u r v e ,  c an  be fo u n d  b y  a 
p l a n im e te r ,  t h e  e f f e c t i v e  v a lu e  c a n  be d e te rm in e d  w i th o u t  
sq u a r in g  t h e  o r d i n a t e s .
I n  t h e  c u r v e s  c o n s i d e r e d ,  ^  i s  t a k e n  a s  5°  and  n  a s  18
n
h en ce  oi, « 5 x 18 = 90° * —  r a d i a n s .
K0
R .M .S . v a lu e  -  . a r e a  o f  p o l a r
1 %  /  7T
To f a c i l i t a t e  th e  c o m p a r iso n  o f  e x p e r im e n ta l  o b s e r v a ­
t i o n s  w i t h  t h e  s t a n d a r d  E .R .A . v a l u e s ,  w h ich  a r e  g i v e n  a s  
R.M.S. k i l o v o l t s  f o r  s i n e  wave fo rm , s u i t a b l e  c o n v e r s io n  
f a c t o r s  a r e  now d e te r m in e d .
Thus,
O bserved  r . m . s .  kV x p e a k  f a c t o r  = o b s e rv e d  p e a k  kV.
. . E q u iv a le n t  r . m . s .  s i n e  wave kV = o b s e r v e d  p e a k  kV
1 .4 14
= o b s e rv e d  r . m . s .  kV x Eea.fe.-?.a c .t-°.£
1 .414
= o b s e rv e d  r . m . s .  kV x c o n v e r s io n
f a c t o r .
Hence C o n v e rs io n  F a c t o r  = P ea^  .fftO.t .PF -------------------------------  1 .4 1 4
T h is  C o n v e rs io n  F a c t o r  may th u s  be  d e f i n e d  a s  th e  f a c t o r  by
w h ich  th e  o b s e rv e d  r . m . s .  kV m ust be 
m u l t i p l i e d  t o  g i v e  t h e  r . m . s .  v a lu e  o f  t h e  s i n e  wave w h ich  
would h av e  th e  same p e a k  v a lu e  a s  t h e  wave u s e d  i n  t h e  o b ­
s e r v a t i o n s  -  o r  b r i e f l y  t o  g iv e  t h e  " e q u i v a l e n t  r . m . s .  s i n e  kV."
The c a l c u l a t i o n s  o f  th e  c o n v e r s io n  f a c t o r s  c o r r e s p o n d ­
in g  t o  th e  v a r i o u s  v o l t a g e  wave fo rm s em ployed a r e  shown w i th  
t h e  r e s p e c t i v e  o s c i l l o g r a m s ,  F i g .  27 , e t c .
I n  T ab le  14 t h e s e  c o n v e r s i o n  f a c t o r s  a r e  a p p l i e d  to  
th e  o b s e r v a t i o n s  p r e v i o u s l y  o b t a i n e d  w i t h  th e  a l t e r n a t o r  
( a )  d e l t a -  and ( b )  s t a r - c o n n e c t e d .  The o b s e rv e d  kV, t a k e n  
from T ab les  12 and 13 and t h e  E .R .A . v a lu e s  a r e  t a b u l a t e d  
f o r  c o m p a r iso n .
The a g re em e n t w i t h  t h e  E .R .A . v a lu e s  i s  now se e n  to  
be e x t r e m e ly  c l o s e  f o r  b o th  m ethods o f  c o n n e c t i o n ,  and  am ply 
j u s t i f i e s  th e  c o n t e n t i o n  t h a t  p e a k  v a l u e s  r a t h e r  t h a n  r . m . s .  
v a lu e s  a r e  t o  b e  p r e f e r r e d  a s  r e f e r e n c e  s t a n d a r d s .
I n c i d e n t a l l y  many o f  th e  t r o u b l e s  and  d i s c r e p a n c i e s ,  
to  sa y  n o th in g  o f  th e  h a r a s s i n g  d i s a p p o in t m e n t s  w i t h  many o f  
th e  e a r l i e r  o b s e r v a t i o n s  would n o t  h av e  a r i s e n  h a d  t h i s  
dependence  o f  t h e  breakdow n s t r e n g t h  on w aveform  b e e n  f u l l y  
a p p r e c i a t e d .
Column F i n  T ab le  14 g i v e s  th e  e r r o r  i n  t h e  o b s e r v a ­
t i o n s  a s  a  p e r c e n t a g e  o f  th e  E .R .A , v a l u e s .  W ith  t h e  s t a t o r  
d e l t a  c o n n e c te d  t h e  e r r o r  i s  l e s s  t h a n  1 p e r  c e n t .  The 
l a r g e r  e r r o r  w i t h  t h e  s t a t o r  s t a r  c o n n e c te d  may p o s s i b l y  be 
a t t r i b u t e d  t o  some s l i g h t  f a u l t  i n  t h e  wave fo rm  o b t a i n e d  
w i th  t h i s  c o n n e c t i o n .
On th e  w h o le ,  th e  a c c u r a c y  o f  t h e s e  s p h e r e  gap  o b s e r ­
v a t i o n s  c an  be  t a k e n  a s  a b o u t  2 p e r  c e n t ,  w i t h  r e s p e c t  t o  
t h e  E .R .A . v a lu e s  and  a b o u t  1 p e r  c e n t  among th e m s e lv e s  .
4 8
7
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O s c i l lo g ra m s  o f  10 kVA A l t e r n a t o r .
I n s p e c t i o n  o f  t h e  f o l lo w in g  o s c i l l o g r a m s  o f  th e  
10 kVA a l t e r n a t o r  v e r i f y  t h e  c o n c l u s i o n s  d educed  from  th e  
fo re g o in g  o b s e r v a t i o n s .
'With o o th  s t a r  and d e l t a  c o n n e c t io n  t h e  wave form  
of th e  a l t e r n a t o r  v o l t a g e ,  w h ich  o b v i o u s l y  i s  n o t  a  s i n e  
wave on  open  c i r c u i t ,  i s  s e e n  t o  chang e  even  w i t h  t h e  h . v .  
t r a n s f o r m e r  a lo n e  a s  l o a d .  W ith  t h e  i n d u c t i o n  r e g u l a t o r  
i n  c i r c u i t  t h e  wave fo rm  i s  c l e a r l y  s e e n  to  be  d e p e n d e n t  on 
th e  p o s i t i o n  o f  th e  r o t o r .
!Q kVA. Alternator. 
C onnectionSeries-S tar
OPEN CIRCUIT VOLT AC, E.
Terminal P.O. =  140 Volts. 
E x c i ta t io n  =  !■! A m ps.
Eiau re  15
LOAD -  HT. TRANSFORMER
Terminal P.D.-= 1 4 0  Volts. 
E x c ita t io n  =  /*/ Amps.
10 KVA Alternator.
C o n n e c t  ion  : - S e r  ie s  -  S t a r
O s c i l lo g r a m s  o f  t r a n s fo r m e r  p r im a ry  P.D. when su p p tied
th rough  in d u c t io n  regu la tor.
A l te rn a to r  P.D. = 1 4 0  Volts. 
T ra n s fo rm e r  P. D. = !4 C Volts.
Fig. 17.
A I te rn  a to r  P. D. = 7 0  Volts. 
Transformer P. D. - 1 4 0  Volts.
{i.e. reg u la to r  doubling  
supp ly  vo I tag e.)
Fig. 18.
A / t e r n a to r  PD. = 140  Volts.
Transformer P. D. = 70  Volts.
(i.e. regu la to r  halving
supply voltage) ^  /Q
A lterna tor PD . = 7 0  Vo/ts. 
Transformer PD. ~  7 0  Vo/ts.
Fig. 2 0 .
10 k VA. A It e mat or 
Con n ec tio n S er ie s -DeJJa.
OPEN CIRCUIT VOLT.ACE.
Terminal PD. =  140 Volts. 
E xc ita t io n  =  I v9 Am ps.
F igure 2 1 .
LOAD - H.T. TRANSFORMER
Terminal P.D. =  1 4 0  Vo/ts. 
E xc ita t io n  =  / '9  Amps.
54
10 KVA Alternator.
C o n n e c t io n  : - S e r i e s  - D e lta
O s c i l lo g r a m s  o f  tra n s fo rm  e r  p r im a ry  P.D. when supp lied
th ro u g h  in d u c t io n  regulator.
A l te rn a to r  P.D. —140  Vo/ts. 
T ra n s fo rm e r  P. D. =/4 0 Vo/ts
Fig. 2 3 .
A / te rn a  to r  P. D. — 7 0  Vo/ts. 
Transformer P. D. —140  Vo/ts.
(i.e. r eg u la to r  doubling  
supply vo/tag e.J
Fig. 2 4 .
A / t e r n a to r  PD. = 140  Vo/ts.
Transformer PD. = 70  Vo/ts.
(i.e. regu la to r  halving  
supply vo/tage)
Fig. 25.
Alternator PD. = 7 0  Volts. 
Transformer PD. = 7 0  Volts.
Fig. 2  6.









P e a k  Factor —
4 ' 2 7
Conversion
Factor
=  7 
/ • 4 / 4
Figure 2 7 .
56
R» iMAwy ^ ctace W ^ygPoaM
H.T. TR A N SFO R M S h _
.  S u P P L l  EO 
I r iO J C T lJ H  f t * E q X L A r « R
Phom
10 kVa A lterhktcr
(■Se r i e s  S t a r )
= i
P M  S. Value =  4 ' 2 7
P e a k  Factor  =  =  /-39
4 -Z T
Conversion) _  /3<? _  0 -9 0 5 -
/'icfo/- J 7-4/4
Fig u r e  2 8 ,
/  4 r g a  '
14 3 s gems
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( S c ^ i t s  D c l t a )  /
f^At'
I / a l u f  




S u p p l i e d  V i a  
I n  d u c t  i o n  R e g u l a t o r  
FRon_
10  n V A  A l t z r . i p : o h  
(Se«i£T, Delia)
Area
M  / SQ .cm s .
RM.S. Value =j ^ 4V =  4 '2J
PeaA* Factor — =  /'4£
4- ’2 3
Conversion __ f-4-b 
Factor /'4/4 =  /-03.
F /ou re  3 0 .
O s c i l lo g ra m s  o f  50 kVA A l t e r n a t o r .
A s i m i l a r  p r o c e d u r e  was c a r r i e d  o u t  w i t h  th e  
o s c i l lo g r a m s  o f  t h e  30 kVA a l t e r n a t o r  t o  d e te rm in e  th e  
c o n v e r s io n  f a c t o r s  w hich w ould  a p p ly  i n  t h i s  c a s e  f o r  th e  
s t a r  and d e l t a  c o n n e c t io n  o f  t h e  s t a t o r  w in d in g .
60
3 0  k VA. AI tern a tor^  
C onnectionSeries-Star.
OPEN CIRCUIT VOLTACE.
Term/nal PD. =  140 Vo/ts. 
Excitation — I'O Amps.
LOAD -  HT. TRANSFORMER
Terminal P.D. =  140 Volts. 
Excitation  =  I'O Amps.
A
6 1
3 0 KVA Alternator.
Connect ion : -S e r  ies -  Star.
Osci/ fog  rams o f  tra n s fo rm er  prim ary P.D. when supplied
through induction regulator.
A lternator P.D. —140 Volts. 
Transformer P. D. = i4 0  Volts.
Fig. 33.
A I tern  a to r  P. D. = 7 0  Volts.
Transformer P. D. —140 Vo/ts.
{i.e. regulator doubling 
supply voltage.)
Fig. 3  4.
A /terna to r PD. —140 Vo/ts.
Transform er  PD. —70 Vo/ts.
(i.e. regulator halving 
supply voltage)
r ig .  j o .
Alternator P.D. = 7 0  Vo/ts. 
Transformer PD. — 70 Vo/ts.
Fig. 36 . V7
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3 0  kVA. Alternator.
ConnectionSenes-De/ta.
OPEN CIRCUIT VOLTAQE,
Terminal PD. ■= 140 Vo/ts. 
Excitation  =  / - 7  Amps.
F igure 3  7  .
LOAD -  H.T. TRANSFORMER
Terminal P.D. =  / 4 0  K o / ? s .  
Excitation  =  / - 7  / l / n / j s .
Figure  3 8  .
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30'KVA Alternator.
Connect ion . - S e r ie s  -  D e/ta
O scillogram s o f tra n s fo rm er  primary P.D. when supplied
through induction regulator.
A lternator P.D. —140 Volts. 
Transformer P. D. — i-40 Vo/ts.
Fig. 39,
A /terna  to r  P.D. — 7 0  Vo/ts. 
Transformer P. D. - 1 4 0  Vo/ts.
(i.e. regulator doubling 
supply voltage.')
Fig. 4 O.
A / te rn a to r  PD. —140 Vo/ts.
Transform er  P D. =70 Vo/ts.
(i.e. regulator halving 
s up ply vo/ta ge)
Alternator PD. = 7 0  Vo/ts. 
Transformer PD. ~  70 Vo/ts.
Fig. 4  2.
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6 8 .
D i s p e r s i o n  o f  R e s u l t s .
I n  t h e  f o r e g o in g  r e s u l t s  th e  d i s p e r s i o n  o f  th e  o b s e r v a ­
t i o n s  from  th e  mean v a lu e  h a s  i n  a l l  c a s e s  b e e n  t a b u l a t e d  and
th e  p e r c e n t a g e  d i s p e r s i o n  c a l c u l a t e d .  Ih e  u p p e r  and  lo w er  
l i m i t s  a r e  d i s t i n g u i s h e d  by p o s i t i v e  and n e g a t i v e  s i g n s  r e s ­
p e c t i v e l y .  When t h e  p e r c e n t a g e  d i s p e r s i o n s  o f  T a b le s  5 ,  6 , 7 ,
9 , 10, 12 and  13 a r e  p l o t t e d ,  F i g .  47 , t o  a  common b a s e  o f  gap 
sp a c in g  no g e n e r a l  law a p p e a r s  t o  be  s a t i s f i e d  by  t h e s e  sev en  
c u r v e s .
The a v e ra g e  v a lu e  o f  a l l  t h e  p e r c e n t a g e  d i s p e r s i o n s  i s  
c a l c u l a t e d  a t  e a c h  gap  s e t t i n g ,  t h a t  i s ,  t h e  e f f e c t s  o f  th e  
sp h e re  m o u n tin g ,  th e  c l e a n i n g  o f  th e  s p h e r e s  p r i o r  t o  t e s t i n g ,  
th e  s o u rc e  o f  th e  v o l t a g e  o f  s u p p ly ,  th e  wave fo rm , e t c . ,  a r e  
c o m p le te ly  i g n o r e d .  On p l o t t i n g  t h e s e  mean p e r c e n ta g e  d i s p e r ­
s io n s  t o  a  b a s e  o f  gap  s e t t i n g ,  t h e  b l a c k  c u rv e  i n  F i g .  47 i s
o b ta in e d  w h ich  i s  s i m i l a r  i n  fo rm  to  t h a t  g i v e n  by  t h e  m e a su re ­
ments o f  M. T o e p le r*  and  o b s e rv e d  by o t h e r s .
M. T o e p le r  drew  a t t e n t i o n  t o  th e  f a c t  t h a t  a l th o u g h  
th e  lo w e r  p a r t  o f  t h e  c a l i b r a t i o n  c u rv e  o f  a  sp h e re  gap  i s  a  
s t r a i g h t  l i n e  a  c r i t i c a l  p o i n t  o c c u r s  a t  w h ich  th e  c u rv e  b ends 
away from  t h i s  s t r a i g h t  l i n e .  T h is  p o i n t  o f  d i s c o n t i n u i t y ,  
which v a r i e s  w i t h  t h e  d i a m e t e r  o f  t h e  s p h e r e s ,  i s  d i f f i c u l t  t o  
l o c a t e .  However, b y  p l o t t i n g  t h e  d i s p e r s i o n  o f  t h e  o b s e r v a t i o n s  
T bep ler  c la im s  t h a t  t h e  m arked i n c r e a s e  o f  th e  d i s p e r s i o n
* I b e p l e r ,  M., Z e i t s .  f .  t e c h n .  P h ys i-k . 1 3 .8 ,  p .  386, 19 32 .
C l a u s s n i t z e r ,  J . ,  E .T .Z . ,  38 , p .  9 1 1 -9 1 2 , 193 3 .





























i n d i c a t e s  th e  r e g i o n  o f  th e  d i s c o n t i n u i t y  i n  th e  s p a rk o v e r  
v o l t a g e / s p a c i n g  c u r v e .
No d e f i n i t e  c o n c lu s io n s  can  b e  draw n from  th e  r e s u l t  
h e re  o b t a i n e d  a s  t h e  num ber o f  p o i n t s  on  th e  c u rv e s  i s  i n s u f f i ­
c i e n t  a s  w e l l  a s  t h e  num ber o f  o b s e r v a t i o n s  a t  each  gap s e t t i n g .  
( T o e p le r  recommends a t  l e a s t  tw e n ty  o b s e r v a t i o n s  a t  each  gap 
s p a c in g  b e f o r e  r e l i a n c e  can  be  p l a c e d  on d i s p e r s i o n  f i g u r e s . )  
N e v e r t h e l e s s ,  t h e  r e s u l t s  do a p p e a r  t o  i n d i c a t e  t h a t  a t  a b o u t  
8 .8 9  mm. ( 0 .3 5  i n s . )  gap w i t h  20 mm. d i a m e te r  s p h e r e s  th e  
s c a t t e r i n g  o f  t h e  o b s e r v a t i o n s  i n c r e a s e s .  P re su m a o ly  some 
change i s  t a k i n g  p l a c e  i n  th e  n a t u r e  o f  th e  d i s c h a r g e  a t  t h i s  
gap s p a c i n g .
C o n c lu s io n .
I n  s p i t e  o f  i t s  many l i m i t a t i o n s  th e  s p h e re  gap 
rem a in s  one o f  t h e  s t a n d a r d s  o f  h i g h - v o l t a g e  m easu rem en t.
I h i s  i n v e s t i g a t i o n  t h e r e f o r e  h a s  b e en  an  a t t e m p t  t o  r e a c h  a 
more th o ro u g h  u n d e r s t a n d in g  o f  some o f  t h e s e  l i m i t a t i o n s  and 
i n  p a r t i c u l a r  t h o s e  d i r e c t l y  a p p ly in g  t o  th e  i n s t a l l a t i o n  
d e s c r i b e d .
S p h e re  gap o b s e r v a t i o n s  (up  to  gap  l e n g t h s  e q u a l  to  
th e  s p h e re  r a d i u s )  may b e  r e g a r d e d  a s  r e p e a t a b l e  w i th  s u f f i c i e n t  
a c c u ra c y  i f  r e a s o n a b l e  p r e c a u t i o n s  a r e  t a k e n  to  e n s u re  t h a t  
c o n d i t i o n s  a r e  unchanged  -  i n  p a r t i c u l a r : -
( i )  A f t e r  c l e a n i n g  and rem o v a l  o f  g r e a s e  f i l m  from  th e
s u r f a c e ,  th e  s p h e r e s  m ust n o t  be to u c h e d .
( i i )  At l e a s t  20 d i s c h a r g e s  sh o u ld  o c c u r  b e f o r e  o b s e r v a t i o n s
a r e  commenced.
( i i i )  At l e a s t  90 se c o n d s  sh o u ld  e l a p s e  b e tw een  s u c c e s s iv e
d i s c h a r g e s .
( i v )  A l l  e a r t h e d  b o d ie s  and h . v .  c o n n e c t io n s  s h o u ld  be
k e p t  a s  f a r  a s  p o s s i b l e  away fro m  t h e  g a p ,  t h a t  i s ,  
t h e r e  sh o u ld  be ample c l e a r  sp a c e  a ro u n d  th e  g a p .
I t  i s  f u r t h e r  recommended t h a t
( a )  a s  t h e  v o l t a g e  m easu red  b y  th e  s p h e re  gap  i s  t h e  peak  
v a lu e ,  t h e  s t a n d a r d  c a l i b r a t i o n  f i g u r e s  c o u ld  w i t h  
a d v a n ta g e  be  s t a t e d  i n  t h e s e  v a lu e s  i n s t e a d  o f  t h e  
d o u b t f u l  te rm  " r . r a . s .  s i n e  wave" k i l o v o l t s ,
a  b l a s t  o f  a i r  o f ,  s a y ,  100 f e e t  p e r  m in u te  a c r o s s  
t h e  gap im p ro v es  i t s  b e h a v io u r .
A p p e n d ix . I
The Employment o f  Neon Lamps 
I n  E l e c t r i c a l  M e asu rem en ts .
INTRODUCTION.
On r e v ie w in g  a l l  th e  m ethods o f  c a l i b r a t i n g  t h e  sp h e re  
gap one w hich  a p p e a re d  t o  o f f e r  p o s s i b i l i t i e s  w i th  t h e  a p p a r a ­
t u s  a v a i l a b l e  was t h a t  o f  a  n e o n  lamp i n  c o n ju n c t i o n  w i th  a 
c a p a c i t i v e  v o l t a g e  d i v i d e r .  A c o m p reh en s iv e  s tu d y  was t h e r e f o r e  
made o f t h e  v a r i o u s  p a p e r s  w h ich  had  b e en  p u b l i s h e d  d e a l i n g  
w i th  t h e  c h a r a c t e r i s t i c s  and u s e s  o f  neon  lam ps i n  e l e c t r i c a l  
m e a su re m e n ts .  The p a p e r s  s t u d i e d  have  b e e n  sum m arised  u n d e r  
t h r e e  h e a d in g s
1 .  T h e o r e t i c a l  c o n s i d e r a t i o n  o f  t h e  m echanism
o f  t h e  d i s c h a r g e .
2 .  G e n e ra l  c h a r a c t e r i s t i c s .
3 .  Uses o f  n eo n  lam p s .
F o l lo w in g  t h i s  summary a r e  p a r t i c u l a r s  o f  num erous 
e x p e r im e n ts  c a r r i e d  o u t  b y  t h e  a u th o r  w i t h  a  v iew  t o  d e t e r m i n ­
in g  t h e  c h a r a c t e r i s t i c s  o f  a  number o f  n eo n  lam ps and th e  
v a r i o u s  f a c t o r s  a f f e c t i n g  t h e i r  s t a b i l i t y  a s  s t a n d a r d s  i n  
h i g h - v o l t a g e  m e a su re m e n ts .
T h e o r e t i c a l  C o n s i d e r a t i o n s .
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Mechanism o f  t h e  D i s c h a r g e .
The e x a c t  m echanism  o f  t h e  c o m p l ic a te d  p r o c e s s e s  
o c c u r r i n g  w i t h i n  a  d i s c h a r g e  tu b e  i s  s t i l l  a p p a r e n t l y  a  m a t t e r  
o f  c o n j e c t u r e ,  a n d ,  m oreov er  i s  a  s u b j e c t  f o r  e l u c i d a t i o n  by 
th e  p u re  p h y s i c i s t .  The t r e a t m e n t  g i v e n ,  t h e r e f o r e ,  w i l l  
employ t h e  t h e o r i e s  s u g g e s t e d ,  o n ly  i n  so f a r  a s  t h e y  may be  
r e q u i r e d  t o  fo rm  a  m e n ta l  p i c t u r e  o f  t h e  p h y s i c a l  c o n d i t i o n  o f
th e  glow  d i s c h a r g e  i n  i t s  v a r i o u s  p h a s e s .
R e ce n t  e x p e r im e n ts  h av e  shown t h a t  t h e  a tom  c o n s i s t s  
o f  a  num ber o f  e l e c t r o n s  g ro u p e d  a ro u n d  a  h eav y  n u c l e u s .  The 
n e g a t iv e  c h a r g e s  o f  th e  e l e c t r o n s  b e in g  j u s t  e q u a l  t o  th e  
p o s i t i v e  c h a rg e  o f  t h e  n u c l e u s ,  th e  a tom  i s  e l e c t r i c a l l y  
n e u t r a l .  However, t h e  f a c t  t h a t  a  g a s  h a s  a  c e r t a i n  c o n d u c t ­
i v i t y ,  th o u g h  i t  i s  e x t r e m e ly  low , i s  an  i n d i c a t i o n  t h a t  t h e r e  
a r e  a  few  e l e c t r o n s  t h a t  a r e  n o t  f i r m l y  bound i n  e l e c t r i c a l l y  
n e u t r a l  s y s te m s .  The rem ova l o f  an  e l e c t r o n  fro m  an  atom  
d e s t r o y s  t h e  e l e c t r i c a l  b a la n c e  w i t h i n  t h e  a tom , su ch  t h a t  t h e  
r e m a in d e r  h a s  a  r e s u l t a n t  p o s i t i v e  c h a r g e ,  and i s  known a s  t h e  
p o s i t i v e  i o n ,  w h i l e  t h e  d i s s o c i a t e d  e l e c t r o n  h a s  a  n e g a t iv e  
c h a r g e .  The a tom  i s  s a i d  t o  b e  i o n i s e d .
When a  d i f f e r e n c e  o f  p o t e n t i a l  i s  a p p l i e d  t o  th e
e le c t r o d e s  o f  a  t u b e ,  a  f i e l d  i s  s e t  u p , w h ic h  a t  f i r s t  i s  
a p p ro x im a te ly  u n i fo rm ,  w i th  th e  r e s u l t  t h a t  t h e  e l e c t r o n s  a r e  
a t t r a c t e d  t o  th e  anode and t h e  i o n s  t o  th e  c a t h o d e .  As t h e y  
move, th e  io n s  a n d  th e  e l e c t r o n s  e n c o u n te r  o t h e r  atom s i n  
t h e i r  p a t h .  S in c e  t h e  e l e c t r o n s  a r e  much s m a l l e r  and l i g h t e r
7 5 .
th a n  t h e  i o n s  t h e y  move a t  a  h i g h e r  v e l o c i t y  a l t h o u g h  u n d e r  
th e  i n f l u e n c e  o f  th e  same f i e l d  a s  t h e  i o n s .  The e l e c t r o n s  
may, i f  t h e  s t r e n g t h  o f  t h e  f i e l d  i s  s u f f i c i e n t ,  be  moving a t  
such  a  v e l o c i t y  a s  t o  c a u s e  t h e  a tom s w i th  w h ich  t h e y  c o l l i d e ,  
to  become i o n i s e d  b y  rem oving  one o r  more e l e c t r o n s  f ro m  them . 
T his  i n c r e a s e  i n  th e  i o n i s a t i o n  o f  t h e  g a s  i n c r e a s e s  th e  c o n ­
d u c t i v i t y  o f  t h e  t u b e .
The i o n s  d r i f t  to w a rd s  t h e  c a th o d e  and a c c u m u la te  n e a r  
i t .  The e x c e s s  o f  p o s i t i v e  i o n s  o v e r  e l e c t r o n s  n e a r  th e  
c a th o d e  e s t a b l i s h e s  a  p o s i t i v e  c h a rg e  i n  t h i s  n e ig h b o u rh o o d .
I f  t h e  a p p l i e d  p o t e n t i a l  d i f f e r e n c e  i s  s u f f i c i e n t  t h i s  c h a rg e  
b u i l d s  up u n t i l  t h e  d i f f e r e n c e  o f  p o t e n t i a l  b e tw ee n  i t  and  t h e  
c a th o d e ,  i s  l a r g e  enough to  im p a r t  t o  t h e  p o s i t i v e  i o n s  a 
v e l o c i t y  o f  su c h  a  v a lu e  t h a t  e l e c t r o n s  w i l l  b e  l i b e r a t e d  when 
th e  i o n s  s t r i k e  th e  c a th o d e .  E l e c t r o n s  th u s  l i b e r a t e d  i n  th e  
i n t e n s e  f i e l d  now n e a r  th e  c a th o d e ,  h av e  a  v e r y  h i g h  v e l o c i t y  
and c o n s e q u e n t ly  a  v e r y  g r e a t  i o n i s i n g  p o w er .
Accompanying t h i s  movement o f  c h a rg e d  p a r t i c l e s ,  w hich  
a c c o u n ts  f o r  th e  f lo w  o f  e l e c t r i c i t y  th ro u g h  th e  t u b e ,  t h e r e  
i s  th e  c o n t i n u a l  t e n d e n c y  o f  th e  f r e e  e l e c t r o n s  w i t h i n  th e  g a s  
to  combine w i t h  p o s i t i v e  i o n s .  When t h i s  o c c u r s  l i g h t  i s  
p ro d u ce d , t h a t  i s ,  we h av e  a  v i s i b l e  o r  lum inous d i s c h a r g e .  
L ig h t  i s  a l s o  p ro d u c e d  by  a n  e l e c t r o n  r e v e r t i n g  to  i t s  norm al 
p o s i t i o n  when, from  any  c a u s e  i t  had  b e e n  d i s t u r b e d ,  w i th o u t  
a c t u a l l y  b e in g  d i s s o c i a t e d  fro m  t h e  a to m . B o th  o f  t h e s e  
e f f e c t s  a r e  p r o b a b l y  p r e s e n t  when a  glow  d i s c h a r g e  o c c u r s .
Hie d a rk  sp a c e s  a p p e a r in g  i n  th e  p a t h  o f  t h e  d i s c h a r g e  c a n  be  
a c c o u n te d  f o r  by  th e  f a c t  t h a t  t h e  v e l o c i t y  o f  th e  e l e c t r o n s  
t h e r e  i s  t o o  h i g h  f o r  r e c o m b in a t io n .
The d ro p  i n  p o t e n t i a l  a lo n g  t h e  tu b e  from  anode to  
c a th o d e  w i l l  be  f a r  from  u n i fo rm ,  b u t  may be  d i v i d e d ,  ro u g h ly  
i n t o  t h r e e  p a r t s : -  ( i )  t h e  c a th o d e  d ro p  -  due t o  t h e  accum ul­
a t i o n  o f  p o s i t i v e  io n s  n e a r  t h e  c a th o d e  m ost o f  th e  f a l l  o f  
p o t e n t i a l  i n  t h e  tu b e  o c c u r s  i n  th e  sp a c e  b e tw ee n  t h e  c a th o d e  
and t h e  n e g a t i v e  g low ; ( i i )  t h e  p o s i t i v e  colum n drop  -  th e  
d ro p  i n  p o t e n t i a l  h e r e  i s  u n i f o r m ly  d i s t r i b u t e d  th r o u g h o u t  th e  
l e n g t h  o f  t h e  column and i s  u s u a l l y  r e l a t i v e l y  s m a l l ;  and 
( i i i )  t h e  anode d ro p  -  t h e  a c c u m u la t io n  o f  n e g a t i v e  c h a rg e s  
a t  t h e  anode p ro d u c e s  an  i n c r e a s e  i n  th e  p o t e n t i a l  g r a d i e n t  
n e a r  t h e  a n o d e .
E x p e r im e n ts  t o  d e te rm in e  th e  p o t e n t i a l  d i s t r i b u t i o n  
w h i l e  d i s c h a r g e  i s  t a k i n g  p l a c e  h a v e  f o r  lo n g  b e e n  a t t e m p t e d .  
O b v io u s ly  th e  m ethod em ployed m ust n o t  a f f e c t  t h e  d i s c h a r g e  
i t s e l f .  E a r l y  a t t e m p t s  w ere  made b y  i n s e r t i n g  sm a ll  p ro b e s  
i n t o  t h e  d i s c h a r g e  and m e a su r in g  t h e  d i f f e r e n c e  o f  p o t e n t i a l  
b e tw ee n  them  o r  b e tw ee n  one o f  them  and e i t h e r  e l e c t r o d e  by 
means o f  an  e l e c t r o m e t e r .  T h is  m ethod h a s  b e e n  m o d i f ie d  and 
in p ro v e d  by  Langm uir and  M ott S m ith  i n  o r d e r  t o  r e d u c e  th e  
d i s t u r b i n g  e f f e c t s  o f  t h e  p r o b e s .  O th e r  m ethods employed 
c o n s i s t e d  i n  s h o o t in g  a  beam o f  e l e c t r o n s  th ro u g h  s u c c e s s iv e  
p o i n t s  i n  th e  d i s c h a r g e  r e g i o n  and o b s e r v in g  t h e  d e f l e c t i o n s  
o f  th e  beam, w h i l e  a n o t h e r  method employed a  s p e c t r o g r a p h  to
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s tu d y  t h e  e n e rg y  r a d i a t e d  a t  v a r i o u s  p o i n t s  o f  th e  d i s c h a r g e  
p a t h .
The c a th o d e  d ro p  i s  fo u n d  to  be  c o n s t a n t  f o r  a  g iv e n  
e l e c t r o d e  m a t e r i a l  and  a  g iv e n  ga3  p r e s s u r e  and so lo n g  as  
t h e  n e g a t i v e  glow  d o es  n o t  c o m p le te ly  c o v e r  th e  c a t h o d e .  This 
v a lu e  i s  known a s  th e  n o rm al c a th o d e  d r o p .  I n  t h e  same way 
th e  c u r r e n t  d e n s i t y  i s  c o n s t a n t  u n t i l  th e  g low  c o m p le te ly  
c o v e rs  t h e  c a th o d e ,  o r  th e  a r e a  o f  th e  glow  i s  p r o p o r t i o n a l  t o  
th e  v a lu e  o f  th e  c u r r e n t .  T h is  l a t t e r  f a c t  h a s  b e en  e x p e r im e n t ­
a l l y  v e r i f i e d  by H. A. W ilso n * .  I f  t h e  c u r r e n t  th r o u g h  th e  
tu b e  i s  i n c r e a s e d  beyond t h a t  r e q u i r e d  f o r  t h e  glow  to  c o v e r  
th e  c a th o d e  c o m p le te ly ,  we h av e  an  ab norm al c a th o d e  d ro p  and 
an  i n c r e a s e  i n  t h e  c u r r e n t  d e n s i t y .
A s s o c ia t e d  w i th  th e  f a l l  o f  p o t e n t i a l  a t  t h e  c a th o d e  
i s  a  phenomenon known a s  s p u t t e r i n g  w h ich  i s  a  fo rm  o f  v a p o r ­
i s a t i o n  o f  t h e  m e ta l  o f  t h e  e l e c t r o d e .  The bombardment o f  th e  
c a th o d e  b y  p o s i t i v e  i o n s  c a u s e s  l o c a l  v o l a t i l i s a t i o n  o f  th e  
e l e c t r o d e  m a t e r i a l  w i th  t h e  r e s u l t  t h a t  a tom s o f  th e  m e ta l  o f  
th e  e l e c t r o d e  a r e  c h ip p e d  o f f  and a r e  d e p o s i t e d  on  t h e  g l a s s  
w a l l  a d j a c e n t  t o  t h e  e l e c t r o d e .  A c o n s i d e r a b l e  amount o f  th e  
neon  g a s  i n  t h e  tu b e  i s  i n c l u d e d  w i th  t h i s  d e p o s i t  w h ich  i n  
t im e  r e n d e r s  t h e  tu b e  u s e l e s s .
The f a c t o r s  g o v e rn in g  th e  r a t e  o f  s p u t t e r i n g  a r e  some­
what i n t e r d e p e n d e n t ,  su ch  a s ,  t h e  m a t e r i a l  o f  t h e  e l e c t r o d e  
w hich  m ust h a v e  a  h i g h  l a t e n t  h e a t  o f  v a p o r i s a t i o n  o r  th e
*
W ilso n ,  H .A .,  P h i l .  Mag., 6 . 5 . 4 .  p p .  608-614 , 1902 .
e l e c t r o d e  d ro p ,  w h ich  i f  i t  i s  l a r g e  w i l l  r e s u l t  i n  t h e  
bom bard ing  i o n s  h a v in g  a  g r e a t e r  h e a t i n g  o r  v a p o r i s in g  power 
o r  th e  g a s  p r e s s u r e ,  w hich  may be  s u f f i c i e n t l y  h ig h  to  p r e v e n t  
t h e  m e ta l  r e a c h in g  t h e  g l a s s  w a l l s  b u t  w ould  th e n  c a u s e  th e  
e l e c t r o d e  d ro p  to  be  e x c e s s i v e .  The l i f e  o f  th e  tu b e  i s
ended when t h e  p r e s s u r e  o f  th e  g a s  w i t h i n  i t  h a s  b e e n  so r e ­
duced  by  a b s o r p t i o n  t h a t  c o n d u c t io n  th ro u g h  i t  c an  no l o n g e r  
t a k e  p l a c e  u n d e r  n o rm al c o n d i t i o n s .
No a t t e m p t  i s  made i n  th e  f o r e g o in g  t h e o r y  o f  th e  
mechanism to  t a k e  i n t o  a c c o u n t  t h e  e f f e c t  o f  m ix tu r e s  o f  g a s e s
o r  o f  t h e  p r e s e n c e  o f  i m p u r i t i e s  o r  o f  o c c lu d e d  g a s e s  i n  th e
m a t e r i a l  o f  th e  e l e c t r o d e s . A l l  o f  t h e s e  c o n s i d e r a b l y  m od ify  
t h e  f u n c t i o n i n g  o f  th e  t u b e s .  I n  t h i s  work we a r e  c o n c e rn e d  
w i th  th e  com m erc ia l  ty p e  o f  n e o n  d i s c h a r g e  tu b e  ( o r  lamp) i n  
w h ich  t h e  a c t u a l  g a s  c o n te n t  i s  n o t  so im p o r ta n t  a s  th e  f a c t  
t h a t  t h e  g a s  c o n t e n t  re m a in s  c o n s t a n t .  O v e rru n n in g  o f  th e  
lamps t e n d s  t o  e n s u r e  t h i s  c o n s t a n c y .
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S t r i k i n g  V o l t a g e .
I f  t h e  p o t e n t i a l  d i f f e r e n c e  be tw een  th e  e l e c t r o d e s  
i s  c o n t i n u o u s l y  i n c r e a s e d  t h e  tu b e  t a k e s  a n  e x t r e m e ly  sm a l l  
c u r r e n t  u n t i l  t h e  c r i t i c a l  v o l t a g e ,  Vs, i s  r e a c h e d ,  a t  w hich  
lum inous d i s c h a r g e  o c c u r s .  S in c e  th e  g a s  colum n b e tw ee n  th e  
e l e c t r o d e s  now becom es c o n d u c t in g ,  th e  c u r r e n t  su d d e n ly  
i n c r e a s e s  t o  a  v a lu e  d e p e n d in g  o n l y  o n  t h e  l i m i t i n g  c o n d i t i o n s  
o f t h e  e x t e r n a l  c i r c u i t .
The s t r i k i n g  p o t e n t i a l ,  V3, i s  d e p e n d e n t  on  many 
f a c t o r s ,  among w h ich  may be  m e n t io n e d ,  th e  m a t e r i a l  o f  th e  
e l e c t r o d e s ,  t h e  sh ape  o f  t h e  e l e c t r o d e s  and t h e  n a t u r e  and 
p r e s s u r e  o f  t h e  f i l l i n g  g a s .  W ith  p u r e  g a s ,  Vs i s  h i g h e r  t h a n  
i f  even  t h e  s m a l l e s t  t r a c e s  o f  i m p u r i t i e s  a r e  p r e s e n t .  As 
l i t t l e  a s  0.0001% a rg o n  i n  a  n eon  tu b e  i s  shown by  F .  M. P enn ing*  
to  a l t e r  i t s  c h a r a c t e r i s t i c s  v e r y  c o n s i d e r a b l y .
The i o n i s a t i o n  o f  th e  g a s  i n  t h e  tu b e  by th e  a p p l i e d  
v o l t a g e ,  t a k e s  an  a p p r e c i a b l e  t im e ,  ( th o u g h  n o t  more t h a n  a  
few s e c o n d s )  so  t h a t  t h e  s t r i k i n g  v o l t a g e  Va may b e  e x p e c te d  
to  be  somewhat d e p e n d e n t  on  th e  l e n g t h  o f  th e  t im e  o f  a p p l i c a ­
t i o n  o f  t h i s  v o l t a g e .  Many i n v e s t i g a t o r s ,  w i th  l i t t l e  a g re em e n t  
how ever, h av e  a t t e m p te d  t o  a c c o u n t  f o r  t h i s  l a g  o f  th e  d i s c h a r g e  
a f t e r  t h e  v o l t a g e  h a s  a t t a i n e d  t h e  v a lu e  Vs . F o r  exam ple th e  
e x te n s iv e  r e s e a r c h s  o f  J .  Z e le n y 3* and o f  J .  W. Ryde^ l e a d  them  
to  a t t r i b u t e  i t  t o  a  s p e c i a l  s u r f a c e  a c t i o n  due to  an  a d h e r in g
* c  .. „  4 ( Z e i t s .  f .  P h y s .  4 6 , p p .  3 3 5 -3 4 8 , 1928 ,* F .  M. P e n n in g  ( p h i l .  M ag., 7 ,  p p .  632-633 , March, 19^9 .
* J .  Z e le n y ,  P h y s .  R ev . 16 , p p .  1 0 2 -1 2 5 , Aug. 19 20 .
k J .  W. Hyde, P r o c .  P h y s .  S o c . 36 , p p .  2 4 9 -2 5 0 . 1925 .
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l a y e r  o f  g a s  m o le c u le s  on  th e  e l e c t r o d e s ,  w h e re a s ,  K. Zuber* 
s t a t e s  t h a t  th e  a c t u a l  t im e  l a g  a p p e a r s  t o  be  due t o  c h a n c e l  
Z uber o b s e r v e s  a l s o  t h a t  t h e  mean t im e  o f  l a g  i s  d e p en d e n t  on 
th e  o u t e r  r a d i a t i o n  o f  th e  d i s c h a r g e  t r a c t .
S p a rk s ” rem a rk s  t h a t ,  a t  t h e  same a p p l i e d  v o l t a g e ,  th e  su s p e n s e  
o r  t im e  o f  l a g  i n  s t r i k i n g  v a r i e d  be tw een  6 and  69 s e c o n d s .
I n  t h i s  u n c e r t a i n  b e h a v io u r  h e  t r a c e s  a n  a n a lo g y  to  t h e  f i c k l e  
b e h a v io u r  o f  o n e ’s mind when c a l l e d  on  to  s o lv e  t h e  same 
p ro b lem  s a y  once  a  y e a r  f o r  many y e a r s  i n  s u c c e s s io n !
bombardment d u r in g  t h e  e a r ly  s t a g e s  o f  th e  d i s c h a r g e  may p l a y  
an  i m p o r t a n t  p a r t  i n  t h e  rem o va l o f  t h e s e  f i l m s ,  w h i l e  any 
e x t e r n a l  i o n i s i n g  a g e n t  may c o n c e iv a b ly  h a s t e n  su c h  r e m o v a l .
T h a t t h e  l a g  was due s o l e l y  t o  t h e  f a c t  t h a t  t h e  g a s  
i n  t h e  tu b e  was n o t  p u r e  h a s  b e en  p o i n t e d  o u t  c o n c l u s i v e l y  by
th e  lo w e s t  v o l t a g e  w h ich  w i l l  c a u se  a  n eon  lamp to  s t r i k e  
r e q u i r e s  a  t im e  o f  a p p l i c a t i o n  o f  a b o u t  10 s e c o n d s .  I f  t h i s  
t im e  o f  a p p l i c a t i o n  o f  t h e  v o l t a g e  b e f o r e  s t r i k i n g  o c c u r s  i s  
l e s s  t h a n  a b o u t  C .003  seco nd  h e  f i n d s  t h a t  VQ i s  in d e p e n d e n t
* K. Z u b e r ,  Ann. d .  P h y s .  7 6 .  p p .  2 3 1 -2 6 0 , 1925. 
x L. F .  R ic h a r d s o n ,  P s y c h o l o g i c a l  R eview , 3 7 .  p p .  2 1 4 -2 2 7 .  May,
M J.  T a y lo r ,  P h i l .  Mag. 7 . 5 . 3 .  p p .  3 68-382  and p p .  7 5 3 -7 7 0 , 1927, 
(N. L. H a r r i s ,  P r o c .  P h y s .  S o c .  4 2 .  p .  169 , A p r i l ,  1930 .
♦ L. E.  R y a l l ,  J .  S c i .  I n s t s .  7 .  p p .  1 78 -18 6 ,  J u n e ,  1930 .
L. F .  R ic h a rd so n *  i n  a  p a p e r  on "M ental Images and
Assuming t h a t  a  g a s  f i l m  e x i s t s ,  t h e  p o s i t i v e  i o n
L. E. R y a l l + h a s  r e c e n t l y  s t a t e d  t h a t
1930 .
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o f  t h i s  e f f e c t  o f  i n i t i a l  i o n i s a t i o n ,  h u t ,  o f  c o u r s e ,  i s  c o n ­
s i s t e n t l y  h i g h e r  t h a n  th e  " s t a t i c "  v a l u e .
The e f f e c t  o f  e x t e r n a l  r a d i a t i o n  h a s  b e e n  found  to  
re d u c e  t h i s  l a g .  Some o f  t h e  i n v e s t i g a t o r s  c la im  t h a t  c o a t i n g  
th e  b u lb  w i th  r a d i o - a c t i v e  s u b s ta n c e s  such  a s  ra d iu m  b ro m id e ,  
u ran ium  a c e t a t e ,  u ran ium  o x id e ,  e t c .  h a s  a  n o t i c e a b l e  e f f e c t  
on  t h e  t im e  o f  a p p l i c a t i o n  n e c e s s a r y .  The e x p e r im e n ts  o f  
Oschwald and F a r r a n t *  a r e  i n t e r e s t i n g  i n  t h a t  t h e y  f u r t h e r  
c la im  t h a t  t h e  s t r i k i n g  v o l t a g e  i s  re d u c e d  i f  t h e  lamp i s  
s u b j e c t e d  t o  i o n i s a t i o n  by  an  e x t e r n a l  a g e n c y .  They d e s c r i b e d  
e x p e r im e n ts  w i t h  v a r i o u s  l i g h t  s o u r c e s  f ro m  w h ich  t h e y  deduced  
t h a t  t h e  s t r i k i n g  v o l t a g e  was c o n s i s t e n t l y  re d u c e d  by  a b o u t  
9% i r r e s p e c t i v e  o f  th e  l i g h t  s o u rc e  i f  t h e  i n t e n s i t y  o f  i l l u m ­
i n a t i o n  e x ce ed e d  a b o u t  0 .0 1  f o o t - c a n d l e .  They o b s e rv e d  th e  
same r e d u c t i o n  w i th  u ran ium  o x id e  a p p l i e d  t o  th e  lamp s u p p o r t  
w h i le  X - ra y s  c a u se d  a  r e d u c t i o n  o f  a b o u t  20%. T h is  e f f e c t  
h a s  b e e n  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  i m p u r i t i e s ,  p a r t i c u l a r l y  
h y d ro g e n .  O th e r  i n v e s t i g a t o r s *  g iv e  c o n f l i c t i n g  o p in io n s  on 
th e  a c t i o n  o f  l i g h t  on  s p a r k  and glow d i s c h a r g e s  i n  p u re  g a s e s  
as  w e l l  a s  i n  m ix t u r e s  o f  g a s e s .  T a y lo r  and S teph en son ^  
m en tio n  t h e  f a c t  t h a t  l i g h t  and  o t h e r  i o n i s i n g  a g e n t s ,  ( e . g .  
rad ium  b rom ide  n e a r  t h e  lam p) p r e v e n t  e x c e s s i v e  l a g  b u t  have
* O schw ald and  F a r r a n t ,  P r o c .  P h y s .  S o c .  36 , p p .  2 4 1 . 1 9 2 3 -1 9 2 4 .
x ( P e d e r s o n ,  P .O . ,  Ann. d .  P h y s .  71 , p p .  3 1 7 -3 7 6 .  J u n e  5 ,  1923 .
(P e n n in g ,  F .M .,  K. A kad . Amsterdam P r o c .  3 2 .  p p .  3 4 1 -3 4 3 , 1 9 29 .
^ T a y lo r  & S te p h e n s o n ,  J ,  S c i . I n s t .  2 .  Nov. 1924, p p .  5 0 -5 4  and
p p .  1 5 4 -1 5 8 , 1925 .
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no e f f e c t  on  t h e  s t r i k i n g  v o l t a g e .  R y a l l*  shows t h a t  w i t h  an  
i l l u m i n a t i o n  o f  200 f t .  c a n d le s  Vg i s  u n a l t e r e d . '
The s t r i k i n g  v o l t a g e  may a l s o  he  a f f e c t e d  by th e  i o n ­
i s a t i o n  w i t h i n  th e  lamp i t s e l f  due t o  a  p r e v i o u s  d i s c h a r g e .
T his  c a n  be  d e m o n s t r a te d  v e r y  s im p ly  by  a p p ly in g  th e  s t r i k i n g  
v o l t a g e  to  t h e  lamp and th e n  v e ry  g r a d u a l l y  r e d u c in g  th e  
a p p l i e d  p o t e n t i a l  d i f f e r e n c e .  The lum inous d i s c h a r g e  i s  found  
to  be  m a in t a in e d  by  a  v o l t a g e  v e r y  much l e s s  t h a n  t h e  s t r i k i n g  
v o l t a g e .  I f  t h e  v o l t a g e  i s  re d u c e d  j u s t  s u f f i c i e n t  t o  e x t i n g u i s h  
th e  glow  and th e n  im m e d ia te ly  i n c r e a s e d  th e  lamp w i l l  s t r i k e  a t  
a lo w e r  v o l t a g e  th a n  t h e  no rm al s t r i k i n g  v o l t a g e .  Hie i o n i s a ­
t i o n  o c c u r r i n g  when t h e  lamp g low s i s  th u s  p e r s i s t i n g  a f t e r  
e x t i n c t i o n  and  i t  i s  fo u n d  t h a t  t h e  t im e  t a k e n  f o r  t h e  Ian?) 
t o  r e t u r n  t o  i t s  o r i g i n a l  c o n d i t i o n  i s  n o t  c o n s t a n t  b u t  may 
v a ry  from  a  few  se co n d s  t o  a b o u t  a  m in u t e .
The E x t i n c t i o n  V o l t a g e .
T h is  i s  t h e  v a lu e  t o  w h ich  th e  a p p l i e d  p o t e n t i a l  
d i f f e r e n c e  m ust be  re d u c e d  i n  o r d e r  j u s t  t o  e x t i n g u i s h  th e  
lum inous d i s c h a r g e .
The e x t i n c t i o n  v o l t a g e  i s  much more c r i t i c a l  and 
c o n s i s t e n t  t h a n  th e  s t r i k i n g  v o l t a g e ,  and i s  n o t  s u b j e c t  t o  
any a p p r e c i a b l e  t im e  l a g ,  due t o  t h e  f a c t  t h a t  t h e  l a n p  i s  
in  i t s  n o rm al g lo w in g  .c o n d i t io n  j u s t  p r i o r  t o  e x t i n c t i o n .
* R y a l l ,  L . E . ,  I . E . E . J .  6 9 .  p p .  891 -897 ,  J u l y ,  1 931 .
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T h is ,  o f  c o u r s e ,  a p p l i e s  t o  th e  c o n d i t i o n s  o f  g r a d u a l  r e d u c t i o n  
of t h e  a p p l i e d  v o l t a g e .  A sudden r e d u c t i o n  o f  t h e  v o l t a g e  may 
cau se  t h e  lamp t o  be e x t i n g u i s h e d  a t  a  v o l t a g e  h i g h e r  t h a n  th e  
norm al v a l u e .
(T he a u t h o r  r e c o r d e d  t h e s e  o b s e r v a t i o n s  on  th e  
e x t i n c t i o n  v o l t a g e  i n  Nov. 1928 . I t  was n o t  u n t i l  
1931 t h a t  r e f e r e n c e  t o  t h i s  was f i r s t  p u b l i s h e d * . )
V olt-A m pere  C h a r a c t e r i s t i c .
Under no rm al c i r c u i t  c o n d i t i o n s ,  t h a t  i s ,  r e l a t i v e l y  
low v a lu e s  o f  e x t e r n a l  r e s i s t a n c e ,  th e  v o l t - a m p e r e  c h a r a c t e r ­
i s t i c  i s  a s  shown i n  F i g .  4 8 .  As th e  a p p l i e d  p o t e n t i a l  
d i f f e r e n c e  i s  i n c r e a s e d  no c u r r e n t  f lo w s  u n t i l  t h e  s t r i k i n g  
v o l t a g e ,  Vs , i s  a t t a i n e d ,  when t h e  lamp s t r i k e s  and th e  c u r r e n t  
jumps t o  t h e  v a lu e  I s . I f  t h e  a p p l i e d  p o t e n t i a l  d i f f e r e n c e  
i s  r e d u c e d  t h e  lamp w i l l  c o n t in u e  t o  glow  t i l l  t h e  c u r r e n t  
f a l l s  t o  I g ,  c o r r e s p o n d in g  t o  t h e  e x t i n c t i o n  v o l t a g e  Vg, when 
th e  lamp c e a s e s  t o  g low  and th e  c u r r e n t  f a l l s  t o  p r a c t i c a l l y  
z e r o .
The phenomena p r e l i m i n a r y  t o  glow  d i s c h a r g e  a r e  o f  
c o n s id e r a b le  im p o r ta n c e  b u t  a r e  n o t  o b s e r v e d  w i t h  e a s e ,  s i n c e  
th e y  a r e  o f  a  t r a n s i t o r y  n a t u r e  due to  th e  f a c t  t h a t  th e  
e x t e r n a l  c i r c u i t  i s  u s u a l l y  a b l e  t o  s u p p ly  an  a d e q u a te  amount 
of e n e rg y  t o  c a u s e  th e  tu b e  t o  g low  a s  so o n  a s  th e  c u m u la t iv e
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Voltage
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i o n i s i n g  a c t i o n  i n  th e  tu b e  s e t s  i n .  S t r o b o s c o p ic  s t u d i e s  o f
th is  p a r t  o f  t h e  d i s c h a r g e  have  b e e n  c a r r i e d  o u t  by  Penning*
and by  C la r k s o n * .  A c l o s e  a p p ro x im a t io n  t o  th e  c o n d i t i o n s
i s  o b t a i n a b l e  i f  a  s u f f i c i e n t l y  h i g h  r e s i s t a n c e  i s  p u t  i n
s e r i e s  t o  c o n t r o l  t h e  e n e rg y  s u p p l i e d . ^  The l a r g e  s e r i e s
r e s i s t a n c e  i s  k e p t  f i x e d  and th e  s u p p ly  v o l t a g e  g r a d u a l l y
i n c r e a s e d .  No c u r r e n t  f lo w s  u n t i l  t h e  v o l t a g e ,  V_, i s  r e a c h e d .s
A s l i g h t  d i f f u s e  glow  a p p e a r s  and a  sm a l l  c u r r e n t  f l o w s .  I f  
now th e  c u r r e n t  th ro u g h  th e  tu b e  i s  i n c r e a s e d  ( s a y  by  i n c r e a s ­
in g  th e  v o l t a g e  a c r o s s  t h e  c i r c u i t  and k e e p in g  t h e  r e s i s t a n c e  
f i x e d )  t h e  v o l t a g e  a c r o s s  th e  t u b e  i s  fo u n d  t o  d e c r e a s e  as  
shown ( F i g .  4 9 ) .  A f t e r  p o i n t  S i s  r e a c h e d  th e  glow  a p p e a r s  
a lm o s t  n o rm al and th e  p o t e n t i a l  d i f f e r e n c e  a c r o s s  th e  tu b e  
r a p i d l y  f a l l s  t o  VE, t h e  norm al e x t i n c t i o n  v o l t a g e ,  c o r r e s p o n d ­
in g  t o  th e  c u r r e n t  I E a t  e x t i n c t i o n .
L e t t h e  e x t e r n a l  r e s i s t a n c e  b e  K ohms, and l e t  th e  
a p p l i e d  v o l t a g e ,  E, be  r e p r e s e n t e d  by  NA. I f  C i s  a n y  p o i n t  
( V , i )  on th e  c h a r a c t e r i s t i c  t h e n  DA i s  t h e  d ro p  a c r o s s  t h e  
e x t e r n a l  r e s i s t a n c e .  J o i n i n g  AC and p r o j e c t i n g  t o  B we h a v e ,
DA = NA -  ND « E -  V « H i -  H x N F .
DA. . R = nf = g r a d i e n t  o f  l i n e  AB t o  t h e  c u r r e n t  a x i s ,  
i . e . ,  AB i s  a  r e s i s t a n c e  l i n e  w i t h  r e s p e c t  t o  t h e  c u r r e n t  a x i s .
* P e n n in g ,  F .M .,  P h y s .  Z e i t s . ,  27 , p p .  1 8 7 -1 9 6 , J a n .  27, 1926.
* C la r k s o n ,  W ., P h i l .  Mag. 1927, p p .  849 , 1002, 1341 . 
f> T a y lo r ,  J a s . ,  P h i l .  M ag., p p .  3 6 8 -3 8 2 , F e b . ,  1927 .
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W ith  t h i s  r e s i s t a n c e  R and an  a p p l i e d  v o l t a g e  V .  th eS
lamp w i l l  s t r i k e  and c u r r e n t  f lo w  i f  th e  p a r a l l e l  t o  AB ( i . e .  
A 'B ')  c u t s  t h e  c u rv e  a s  a t  C ' .  There i s  t h u s  a  c r i t i c a l  
r e s i s t a n c e  w hich  may be  p u t  i n  s e r i e s  w i th  a  neon  t u b e ,  t h e  
v a lu e  o f  w h ich  i s  g iv e n  b y  t h e  s lo p e  o f  th e  t a n g e n t  t o  th e  
c o ro n a  c h a r a c t e r i s t i c .  I f  t h e  e x t e r n a l  r e s i s t a n c e  ex ceed s  
t h i s  v a lu e  th e  tu b e  w i l l  n o t  g low .
The a c t u a l  sh ape  o f  th e  v o l t - a m p e r e  c h a r a c t e r i s t i c  
f o r  th e  c o ro n a  r e g i o n ,  ( i . e .  w i t h  an  a p p l i e d  v o l t a g e  e q u a l  to  
V_, th e  s t r i k i n g  v o l t a g e )  v a r i e s  c o n s i d e r a b l y  f o r  d i f f e r e n t  
ty p e s  o f  tu b e ,  a s  i t  i s  i n f l u e n c e d  by  su ch  f a c t o r s  a s  shape  
and d i s t a n c e  a p a r t  o f  th e  e l e c t r o d e s ,  gas  p r e s s u r e ,  e t c .
A l l  d i s c h a r g e  tu b e s  h ow ever have  t h i s  ' f a l l i n g '  o r  ' n e g a t i v e '  
c h a r a c t e r i s t i c ,  n am e ly , th e  l a r g e r  th e  c u r r e n t  f lo w in g  th e  
l e s s  t h e  p o t e n t i a l  d i f f e r e n c e  r e q u i r e d  t o  m a i n t a i n  i t .
W ith  a v o l t a g e ,  Vs ' ( F i g .  49) j u s t  s l i g h t l y  l e s s  th a n  
t h e  s t r i k i n g  v o l t a g e  V , a p p l i e d  t o  t h e  tu b e  f o r  some t im e ,  
i n t e r m i t t e n t  s l i g h t  f l a s h i n g  i s  o b s e r v e d .  T h is  i r r e g u l a r  
b e h a v io u r ,  i n d i c a t i n g  t h a t  t h e  i o n i s a t i o n  w i t h i n  t h e  tu b e  i s  
i n s u f f i c i e n t  t o  m a i n t a i n  a  c o n t in u o u s  glow d i s c h a r g e ,  m igh t 
be a c c o u n te d  f o r  b y  i n p u r i t i e s  p r e s e n t  i n  th e  g a s  o r  i n  th e  
e l e c t r o d e s .
The s t a b i l i t y  o f  such  n eon  tu b e s  a t  o r  n e a r  th e  
s t r i k i n g  v o l t a g e  may th u s  b e  e x p e c te d  t o  be  e a s i l y  a f f e c t e d  
by any  e x t e r n a l  c o n d i t i o n s  w h ich  m ig h t  a s s i s t  i o n i s a t i o n .  
E x p e r im e n ta l  o b s e r v a t i o n s  t a k e n  by  t h e  a u t h o r  and  r e c o r d e d  
l a t e r  i n  t h i s  r e p o r t  b e a r  o u t  t h i s  e x p e c t a t i o n .
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The c o m p le te  v o l t - a m p e r e  c h a r a c t e r i s t i c ,  P i g .  50 , may­
be  g i v e n  a s  th e  c o m b in a t io n  o f  F i g .  48 and  F i g .  4 9 .  The 
c u r r e n t  t a k e n  by a  n eon  tu b e  f o r  a n y  v o l t a g e  V a c r o s s  i t ,  
a f t e r  th e  s t r i k i n g  v o l t a g e  Vs h a s  b e en  a p p l i e d  t o  i t ,  may 
have  e i t h e r  t h e  v a lu e  PR o r  PQ, d e p e n d in g  on  w h e th e r  o r  n o t  
th e  e x t e r n a l  c i r c u i t  c an  s u p p ly  an  a d e q u a te  amount o f  e n e rg y  
to  c o m p le te ly  i o n i s e  th e  g a s .
A. C. C h a r a c t e r i s t i c s  o f Neon Lamp.
When a  s i n u s o i d a l  a l t e r n a t i n g  p o t e n t i a l  i a  a p p l i e d  to  
t h e  e l e c t r o d e s  o f  a  neon  lamp th ro u g h  a  s t a b i l i s i n g  r e s i s t a n c e  
th e  d i s c h a r g e  w i l l  p a s s  and  r e v e r s e  e a c h  h a l f  c y c l e ,  i f  the  
p e a k  v a lu e  i s  s u f f i c i e n t  t o  c a u s e  th e  lamp t o  g low , i . e . ,  i f  
t h e  p e a k  v a lu e  i s  e q u a l  t o  o r  g r e a t e r  t h a n  Vs . As shown i n  
F i g .  51 when t h e  v o l t a g e  r e a c h e s  Vs t h e  c u r r e n t  su d d e n ly  r i s e s  
t o  I s .  Assuming th e  n e g a t i v e  r e s i s t a n c e  c h a r a c t e r i s t i c  o f  th e  
tu b e  swamped by t h e  s t a b i l i s i n g  r e s i s t a n c e  th e  c u r r e n t  v a r i e s  
w i th  t h e  v o l t a g e  t i l l  t h e  v o l t a g e  f a l l s  t o  Ve  when th e  c u r r e n t  
su d d e n ly  d ro p s  t o  z e r o .  Hie lamp re m a in s  e x t i n g u i s h e d  t i l l  
th e  v o l t a g e  r e a c h e s  Vs i n  th e  n e x t  h a l f  c y c l e ,  a f t e r  w h ich  th e  
c u r r e n t  g o e s  th ro u g h  s i m i l a r  v a r i a t i o n s  a s  b e f o r e  b u t  i n  th e  
r e v e r s e  d i r e c t i o n .
Hie c u r r e n t  wave fo rm  assum ed above ( p a r t s  o f  s in e  
c u rv e s )  w ould  a p p ly  a p p ro x im a te ly  t o  a  tu b e  i n  w h ich  th e  
e l e c t r o d e s  a r e  e x a c t l y  s i m i l a r  and th e  c a th o d e  d ro p  n e v e r  
e x c e e d s  th e  n o rm al  v a l u e ,  i . e .  t h e  glow n e v e r  c o m p le te ly  c o v e rs  
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a c r o s s  t h e  tu b e  may n o t  be  th e  same d u r in g  th e  two h a l f  c y c l e s .  
T h is  w i l l  o c c u r  i f  th e  c a th o d e  f a l l  i s  abnorm al as  when th e  
s m a l l e r  e l e c t r o d e  i s  t h e  c a th o d e .  The c u r r e n t  w i l l  c o n s e q u e n t ­
l y  h av e  d i f f e r e n t  v a l u e s  d u r in g  e a c h  h a l f  c y c l e .
The wave fo rm s o b t a i n e d  i n  p r a c t i c e  w i th  lo n g  l e n g t h s  
o f  neon  t u b e s  s u p p l i e d  from  a  h ig h  r e a c t a n c e  t r a n s f o r m e r  d i f f e r  
c o n s i d e r a o ly  from  th o s e  i n d i c a t e d  a b o v e .
I f ,  a s  i s  r e a s o n a b le  w i t h  a  t r a n s f o r m e r  h a v in g  a  r e a c t ­
an ce  o f  a b o u t  90%, th e  wave fo rm  o f  t h e  c u r r e n t  i s  assum ed to  
be n e a r l y  s i n u s o i d a l  o v e r  a  l a r g e  p a r t  o f  th e  c y c l e  and  z e ro  
o v e r  t h e  r e m a in d e r  an  a p p ro x im a t io n  to  t h e  v o l t a g e  r e q u i r e d  
a c r o s s  th e  tu b e  h a s  b e en  d e te rm in e d *  from  t h e  f a c t  t h a t  t h i s  
v o l t a g e  h a s  t o  s a t i s f y  two c o n d i t i o n s  a t  any  i n s t a n t ,  ( a )  t h a t  
im posed by  th e  n e g a t i v e  r e s i s t a n c e  c h a r a c t e r i s t i c  o f  th e  t u b e ,  
( F i g .  52) Vt  * ^ ( i ) ,  Vt  b e in g  th e  v o l t a g e  a c r o s s  t h e  t u b e ,  and 
( b )  t h a t  im posed  by th e  r e g u l a t i o n  o f  t h e  t r a n s f o r m e r ,
= V -  w here  V i s  th e  open  c i r c u i t  v o l t a g e  and L i s  t h e
e q u i v a l e n t  r e a c t a n c e  o f  th e  t r a n s f o r m e r  o f  w hich  th e  r e s i s t a n c e  
i s  n e g l e c t e d .
Assuming a  s i n e  wave o f  c u r r e n t  th ro u g h  th e  tu b e  th e  
v a r i a t i o n  o f  p o t e n t i a l  d i f f e r e n c e  a c r o s s  th e  t u b e  c an  be d e ­
r iv e d  f ro m  th e  v o l t -u n q ) .  c h a r a c t e r i s t i c  ( F i g .  52) and  w i l l  be 
o f t h e  fo rm  shown i n  F i g .  5 3 .
I n t r o d u c i n g  t h e  f a c t  t h a t  t h e  lo a d  i s  i n t e n n i t t e n t  t h e  
a c t u a l  v o l t a g e  a c r o s s  t h e  tu b e  w i l l  f o l lo w  th e  open  c i r c u i t
* C. M. Summers, E l e c t .  Eng. 51, p p .  7 7 2 -7 7 5 , Nov. 1 93 2 .
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c h a r a c t e r i s t i c  o f  th e  t r a n s f o r m e r  when th e  lamp c u r r e n t  i s  
z e ro  and  th e  tu b e  c h a r a c t e r i s t i c  when i o n i s a t i o n  t a k e s  p l a c e .  
The r e s u l t  would be  a s  i n d i c a t e d  i n  P i g .  54 e x c e p t  t h a t  th e  
n e g a t i v e  c h a r a c t e r i s t i c  o f  t h e  lamp i n t r o d u c e s  a  c e r t a i n  i n ­
s t a b i l i t y  s i n c e  any  change o f  th e  v o l t a g e  a c r o s s  th e  lamp 
a f t e r  s t r i k i n g  h a s  o c c u r r e d  i s  accom panied  b y  a  c o r r e s p o n d in g  
n e g a t i v e  change  i n  th e  c u r r e n t .  The i n s t a b i l i t y  t h u s  i n t r o ­
duced  may be damped o u t  b e f o r e  th e  end  o f  t h e  h a l f  c y c l e  i f  
t h e  r e a c t a n c e  o f  th e  t r a n s f o r m e r  i s  s u f f i c i e n t l y  h i g h .  T his  
r e s u l t s  i n  a  wave fo rm  somewhat a s  shown i n  P i g .  55 and i s  i n  
c l o s e  ag reem en t w i th  o s c i l l o g r a p h i c  r e c o r d s  o b t a i n e d  by  C. M. 
Summers f o r  su c h  a r r a n g e m e n ts  o f  t r a n s f o r m e r s  and n eo n  t u b e s .
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F l a s h i n g .
The employment o f  a  d i s c h a r g e  tu b e  a s  an  o s c i l l a t i o n  
g e n e r a t o r  h a s  r e c e i v e d  m arked a t t e n t i o n  f o r  some t i m e .  The 
f i r s t  r e c o r d e d  u s e  o f  a  neon  lamp f o r  t h i s  p u rp o s e  i s  th e  
p a t e n t  by  H a r t*  i n  1922 a l t h o u g h  t h e  phenomenon a p p e a rs  to  
have  b e e n  i n d e p e n d e n t ly  d i s c o v e r e d  by  Anson* ao o u t  th e  same 
t i m e .
Hie c i r c u i t  employed f o r  f l a s h i n g  c o n d i t i o n s  i s  as  
shown ( F i g .  56 , p .  9 5 ) .  A n e o n  lamp s h u n te d  by a  c o n d e n se r  
i s  c o n n e c te d  i n  s e r i e s  w i t h  a  h i g h  r e s i s t a n c e  a c r o s s  a  d i r e c t -  
c u r r e n t  s u p p ly .
On s w i t c h in g - o n ,  s i n c e  th e  lamp r e s i s t a n c e  i s  p r a c t i ­
c a l l y  i n f i n i t e  we h av e  a  c o n d e n s e r  and  r e s i s t a n c e  i n  s e r i e s ,  
and  t h e r e f o r e  th e  v o l t a g e  a c r o s s  t h e  lamp a t  any  i n s t a n t  i s  
g iv e n  by
v -  V ( 1 -  £  ) .......... Eqn. ( 1 )
w here V i s  t h e  assum ed c o n s t a n t  s u p p ly  v o l t a g e .
When th e  v o l t a g e  a c r o s s  t h e  tu b e  r i s e s  t o  t h e  s t r i k i n g  
v a lu e ,  Vs , t h e  g a s  i n  t h e  tu b e  becomes c o n d u c t in g ,  so t h a t  th e  
tu b e  i s  & low im pedance  a c r o s s  t h e  c o n d e n s e r  w h ich  commences 
t o  d i s c h a r g e .  Hie e n e rg y  s t o r e d  i n  t h e  c o n d e n s e r  th u s  becomes 
a v a i l a b l e  t o  g iv e  a  v i s i b l e  glow  i n  th e  lam p . The h i g h  s e r i e s
r e s i s t a n c e  p r e v e n t s  th e  s u p p ly  m a i n t a i n in g  th e  glow  and t h e r e ­
f o r e  t h e  g low  w i l l  p e r s i s t  o n l y  u n t i l  th e  p o t e n t i a l  d i f f e r e n c e
* H a r t ,  P a t e n t  N o. 201272, 1922 .
* P e a r s o n  & Anson, P r o c .  P h y s .  S o c . 34 , p p .  175-176  and
p p .  2 04 -21 2 , 1 9 2 1 -1 9 2 2 .
94 .
a c r o s s  th e  c o n d e n s e r  f a l l s  t o  t h e  e x t i n c t i o n  v o l t a g e ,  Vg, o f  
th e  lam p . At t h i s  v a lu e ,  th e  glow  i s  e x t i n g u i s h e d  and  th e  
c o n d e n s e r  s t a r t s  c h a r g in g  a g a i n  and  t h e  c y c l e  i s  r e p e a t e d .
The lamp t h u s  f l a s h e s  a t  a f r e q u e n c y  d e te rm in e d  by  th e  v a lu e s  
o f  R, C, Vs ,Ve  and th e  s u p p ly  v o l t a g e .  The f r e q u e n c y  c a n  be 
d e te rm in e d  a p p r o x im a te ly  a s  f o l l o w s : -
L e t t g  and t g be th e  t im e  r e q u i r e d  f o r  th e  v o l t a g e  
a c r o s s  th e  c o n d e n s e r  t o  r e a c h  Vg and  Vg r e s p e c t i v e l y ,  a f t e r  th e  
s w i t c h  i s  c l o s e d ,  t h e n ,  s u b s t i t u t i n g  i n  Eqn. ( 1 ) ,  t h e  d u r a t i o n  
o f  th e  d a r k  p e r i o d  i s  g iv e n  by
t s -  t E -  -  CR l o g £ ( 1  -  ^ )  + CR log£ ( 1  -  ~ )
CR lo g  ( v '  VE )
The c a l c u l a t i o n  o f  t h e  l i g h t  p e r i o d  o r  d i s c h a r g i n g  
p e r i o d  w ould  r e q u i r e  a  know ledge o f  how th e  r e s i s t a n c e  o f  t h e  
g lo w in g  lamp v a r i e s  w i t h  th e  v o l t a g e  a c r o s s  i t s  t e r m i n a l s .  
However, i t  may b e  shown t h a t  t h e  l i g h t  p e r i o d  i s  s h o r t  com­
p a r e d  w i t h  th e  d a r k  p e r i o d ,  ( u s u a l l y  l e s s  th a n  1%) so a p p r o x i ­
m a te ly  t h e  d u r a t i o n  o f  th e  d a r k  p e r i o d  may be  t a k e n  a s  th e  
p e r i o d i c  t im e  o f  t h e  f l a s h e s  o r
'=? CR l o g g j L l J i s j  -  k  CR w here  k -  l o g j ^ - ^ j 
. . k  -  c o n s t a n t  i f  VE and Vs a r e  c o n s t a n t .





The accom panying  o s c i l l o g r a p h  ( F i g .  5 7 )*  c l e a r l y  i l l u s t r a t e s  
th e  r e l a t i v e  p r o p o r t i o n s  o f  th e  d a r k  and  l i g h t  p e r i o d s .
The i n i t i a l  s t r i k i n g  v o l t a g e  i s  i n  e x c e s s  o f  s u c c e e d ­
in g  v a l u e s .  I n  o t h e r  w ords th e  mean v o l t a g e  o f  th e  s u s t a i n e d  
o s c i l l a t i o n  i s  c o n s i d e r a b ly  lo w e r  t h a n  t h e  s t r i k i n g  v o l t a g e .
V and V a r e  l i a b l e  t o  show p r o g r e s s i v e  change  and 
E  3
e r r a t i c  f l u c t u a t i o n  and t h e r e  may be  v a r i a t i o n  o f  t h e  t im e  of 
l a g ,  i n  co n sequ ence  o f  w hich  t h i s  ty p e  o f  o s c i l l a t o r  p r o v e s ,  
i n  p r a c t i c e ,  t o  b e  u n r e l i a b l e .  C o n d i t io n s  can  be r e n d e r e d  
more c o n s i s t e n t  b y  i n c r e a s i n g  th e  r e s i s t a n c e  o f  t h e  d i s c h a r g e  
p a th *  d u r i n g  t h e  lum inou s  p e r i o d  i n  e i t h e r  o f  th e  two ways 
shown i n  F i g s .  58 and  5 9 .  E x posing  th e  lamp to  c e r t a i n  i o n i s i n g  
a g e n c ie s  may im prove  c o n d i t i o n s .
* A. B. Wood, P r o c .  P h y s .  S o c .  4 2 , p p .  1 5 7 -1 6 9 , A p r i l  1930 . 
x T a y lo r  & C la r k s o n ,  P r o c .  P h y s .  S o c . ,  36 , p p .  26 9 -278 , 1923 .
U s e s  o f  N e o n  L a m p s  .
9 7 .
C om parison  o f  H igh R e s i s t a n c e s  - 
S u b s t i t u t i o n  M e th o d .
W ith  th e  c i r c u i t  i n d i c a t e d *  P i g . 60, t e l e p h o n e s  can  
be employed f o r  t h e  o b s e r v a t i o n  o f  t h e  t im e  o f  f l a s h i n g .
W ith  th e  unknown r e s i s t a n c e  X i n  c i r c u i t  a  v a lu e  o f 
c a p a c i t a n c e  i n  p a r a l l e l  w i t h  th e  lamp i s  c h o sen  so  t h a t  th e  
t im e  Tx f o r  100 f l a s h e s  c an  be  c o n v e n i e n t l y  c o u n te d .  The t im e  
be tw een  f l a s h e s  sh o u ld  n o t  be  g r e a t e r  t h a n  a b o u t  2 s e c o n d s .  
W ith  t h i s  v a lu e  o f  c a p a c i t a n c e  a  s t a n d a r d  r e s i s t a n c e ,  R, c a n  
now b e  s u b s t i t u t e d  to  g iv e  th e  t im e ,  Ts , o f  100 f l a s h e s  
s l i g h t l y  g r e a t e r  t h a n  t h a t  w i t h  X i n  c i r c u i t .
The unknown r e s i s t a n c e  i s  t h e n  a p p ro x im a te ly  g i v e n  by
The a p p ro x im a t io n  a r i s e s  f rom  th e  f a c t  t h a t  t h e  t im e -  
r e s i s t a n c e  g r a p h s  f o r  t h i s  c i r c u i t ,  a l t h o u g h  t h e y  a r e  s t r a i g h t  
l i n e s ,  do n o t  p a s s  th r o u g h  t h e  o r i g i n ,  p r o b a b ly  owing to  th e  
r e s i s t a n c e  o f  th e  b a t t e r y  and r e m a in d e r  o f  t h e  c i r c u i t .
I f ,  h o w ev er ,  a  seco n d  o b s e r v a t i o n  i s  t a k e n  w i th  a 
v a lu e  o f  R c h o se n  t o  g i v e ,  w i t h  th e  same s u p p ly  v o l t a g e ,  th e  
t im e  o f  100 f l a s h e s  s l i g h t l y  l e s s  t h a n  t h a t  w i t h  X i n  c i r c u i t ,  
th e  v a lu e  o f  X may be  fo u n d  b y  i n t e r p o l a t i o n .
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E xam ple . X = 1 .3  megohms.
R e s i s t a n c e . Time o f  100 f l a s h e s .
1 .8  megohm 6 9 .6  s e c s .
X 5 7 .1  "
0 .8  megohm 4 0 .2  "
X -  1 . 8  -  & ; §  I - g b t l  1 1 .8  -  0 . 8 )
-  1 .8  -  0 .4 2 5  
* 1 .3 7 5  megohm.
C om parison  o f  C a p a c i t a n c e s .
( a )  S u b s t i t u t i o n  M ethod .
The p r o c e d u r e  employed i s  s i m i l a r  t o  t h a t  f o r  th e  
c o m p a r iso n  o f  h i g h  r e s i s t a n c e s .  W ith  t h e  unknown c a p a c i t a n c e  
i n  c i r c u i t ,  F i g .  61, R i s  a d j u s t e d  t o  g iv e  a  c o n v e n ie n t  r a t e  
o f  f l a s h i n g .  R i s  k e p t  f i x e d  a t  t h i s  v a lu e  and  t h e  r a t e  o f  
f l a s h i n g  i s  r e c o r d e d  f o r  Cx and two v a lu e s  o f  Cs g r e a t e r  and  
l e s s  t h a n  Cx . The unknown c a p a c i t a n c e  i s  d e te r m in e d  by  i n t e r ­
p o l a t i o n ;  a s  h e r e  a g a i n  t h e  t i m e - c a p a c i t a n c e  g r a p h s ,  a l th o u g h  
s t r a i g h t  l i n e s  do n o t  p a s s  th ro u g h  t h e  o r i g i n .
T h is  m ethod i s  s u i t a b l e  f o r  v a lu e s  o f  s t a n d a r d  
c o n d e n s e r  b e tw e e n  0 . 1 / F  and s e v e r a l  m i c r o f a r a d s .
100 .
E xam ple . Cx = .
R e s i s t a n c e  R c o n s t a n t  a t  0 .5  megohm.
Cw/ftF . No. o f  f l a s h e s . Time ( s e c s  . ) Time f o r  100 f l a s h e s
6 25 5 7 .6  2 3 0 .4  t s ’
X 30 5 8 .2  1 9 4 .0  t x
4 40 6 3 .0  1 5 7 .5  t s ”
Cx -  c 3 - i c ;  -  c*)
, * ( 2 3 0 .4  -  1 9 4 .0 ) ,  r  .x
6 (2 3 0 .4  -  1 5 7 .5 )  " 4)
= 4 ,9 9 9 8  M F .
( b )  B e a t  M ethod .
F o r  th e  c o m p a r iso n  o f  c a p a c i t a n c e s  l e s s  t h a n  0 . 1 ^  F 
a n o t e  o r  b e a t  m ethod i s  p r e f e r a b l e  ( F i g .  6 2 ) .
C = unkown c a p a c i t a n c eX
Cs = s t a n d a r d  v a r i a b l e  c a p a c i t a n c e  
Cjj = v a r i a b l e  c a p a c i t a n c e .
P r o c e d u r e .
( i )  W ith  Cx a c r o s s  L^, R^ i s  a d j u s t e d  t o  g iv e  a  h i g h  p i t c h  
n o t e  ( a b o u t  5000 c y c l e s  p e r  s e c . )  i n  phone T^.
( i i )  Rp and  C a r e  a d j u s t e d  to  g i v e  a  n o t e  i n  Tp o f  n e a r l y
c N *
th e  same f r e q u e n c y  and i n t e n s i t y .  F in e  a d ju s tm e n t  o f  
CN m ust f i n a l l y  be  made so  t h a t  t h e  b e a t s  h e a r d  i n  t h e  
ph ones  a r e  c o n v e n i e n t l y  c o u n te d .
( i i i )  Cg i s  t h e n  s u b s t i t u t e d  f o r  Cx and a d j u s t e d  c r i t i c a l l y  
t i l l  t h e  same b e a t  i s  o b t a i n e d  t h e n  Cx * Cs .
101.
The f u n c t i o n  o f  r  i s  t o  v a r y  t h e  c o u p l in g  b e tw een  th e  
two c i r c u i t s ,  s i n c e  t h e  b e a t  n o t e  i s  p ro d u c e d  more by i n t e r -  
c i r c u i t  c o u p l in g  t h a n  i n  t h e  h e a d ,  r  m ust n o t  be  to o  h i g h  o r  
h ig h  p i t c h e d  n o t e s  a r e  d i f f i c u l t  t o  o b t a i n .  The s e n s i t i v i t y  
o f  t h i s  m ethod i s  s u f f i c i e n t  t o  i n d i c a t e  a  d i f f e r e n c e  o f  2 cm. 
( 2 . 5 ^ F ) .
102.
M easurem ent o f  V o l t a g e .
( a )  U sing  Vs a s  a  s t a n d a r d .
F o r  t h e  m easurem ent o f  v o l t a g e  th e  lamp may be  c o n n e c te d  
a s  shown ( F i g .  63) th r o u g h  a  v a r i a b l e  p o t e n t i a l  d i v i d e r .  The 
v o l t a g e  a c r o s s  th e  lamp i s  g r a d u a l l y  r a i s e d  from  z e ro  u n t i l  th e  
lamp s t r i k e s .  The m ag n itu d e  o f  t h e  s u p p ly  v o l t a g e  can  th e n  be  
c a l c u l a t e d  from
V = V s. — w here  Vs i s  th e  s t r i k i n g  v o l t a g e  o f  
th e  lamp w hich  i s  c o n n e c te d  a c r o s s  th e  p a r t ,  r ,  o f  th e  t o t a l  
r e s i s t a n c e  R .
T h is  m ethod o f  m easurem ent can  be  a p p l i e d  to  e i t h e r  
s t e a d y  u n i d i r e c t i o n a l  o r  a l t e r n a t i n g  v o l t a g e s .  I n  t h e  l a t t e r  
c a se  t h e  p e a k  v a lu e  i s ,  o f  c o u r s e ,  o b t a i n e d .
F o r  t h e  m easurem ent o f  p e a k  v a lu e s  o f  t r a n s i e n t s *
( s u c h  a s  i n  s t a r t i n g  o r  s w i t c h in g  on  o r  o f f  i n  d i r e c t  c u r r e n t  
c i r c u i t s )  t h e  m o d i f i c a t i o n  i n  p r o c e d u r e  am ounts t o  th e  p r e ­
s e t t i n g  o f  t h e  p o t e n t i a l  d i v i d e r  so  t h a t  when t h e  p e ak  v a lu e  
o c c u r s ,  t h e  lamp j u s t  s t r i k e s .
The a c c u r a c y  o f  t h e  m ethod o b v io u s ly  d ep en ds  on th e  
c o n s ta n c y  o f  Vs u n d e r  a l l  c o n d i t i o n s  o f  wave fo rm , f r e q u e n c y ,  
t e m p e r a tu r e ,  e t c  .
(b )  U sing  Vg a s  a  s t a n d a r d .
As h a s  a l r e a d y  b e e n  rem ark ed  th e  e x t i n c t i o n  v o l t a g e  
i s  more c o n s i s t e n t  t h a n  th e  s t r i k i n g  v o l t a g e ,  s i n c e  i t  i s  n o t
* K o r b l e i n ,  A . ,  E .T .Z .  5 1 ,  p p .  1486-1489 ,  O c t . ,  1930.
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104 .
s u b j e c t  t o  t i m e - l a g  e f f e c t s  due to  t h e  lamp b e in g  a lw ays i n  
th e  same i o n i s e d  s t a t e  p r i o r  t o  e x t i n c t i o n .
r ,  o f  th e  t o t a l  r e s i s t a n c e ,  R, i s  a d j u s t e d  so t h a t  t h e  lamp i s  
g lo w in g  f o r  a  s h o r t  t im e  and th e n  i t  i s  g r a d u a l l y  r e d u c e d  u n t i l  
t h e  lamp i s  j u s t  e x t i n g u i s h e d .
Then a s  p r e v i o u s l y  V » Vg. — w here  r  i s  now th e  
v a lu e  a t  e x t i n c t i o n .
As th e  lamp i s  p a s s i n g  c u r r e n t  j u s t  b e f o r e  e x t i n c t i o n  
i t  may h a v e  an  a p p r e c i a b l y  low r e s i s t a n c e ,  s a y  r n , w h ich  i s  i n  
p a r a l l e l  w i t h  r .  The m o d i f i c a t i o n  r e q u i r e d  to  be  made i n  th e  
above e x p r e s s i o n  t o  t a k e  a c c o u n t  o f  t h i s  i s  a s  f o l lo w s
The c i r . c u i t  a r ra n g e m e n ts  a r e  a s  i n  F i g .  6 3 . The p a r t
V = Vg + V ’ w here  V 1 i s  t h e  d ro p  o v e r  R - r
V R ( r  + r n ) -  r 2 
E -------------------------
I f  r n  i s  assum ed i n f i n i t e l y  g r e a t  we have
V = VE . |  a s  b e f o r e
105.
F o r  th e  m easurem ent o f  v o l t a g e  on a l t e r n a t i n g  c u r r e n t  
c i r c u i t s  th e  p o t e n t i a l  d i v i d e r  may c o n s i s t  o f  any  two s i m i l a r  
and v a r i a b l e  im pedances  i n  s e r i e s ,  e . g .  two c o n d e n s e r s ,  two 
i n d u c t a n c e s  o r  two r e s i s t a n c e s . *  The lamp i s  c o n n e c te d  
a c r o s s  one o f  t h e  im p ed an ces , Z j  i n  F i g .  64, and  t h e  v a lu e  
o f  Z i o r  Zg o r  b o th  v a r i e d  u n t i l  t h e  c r i t i c a l  v o l t a g e  o c c u rs  
a c r o s s  th e  lam p, th e n
Z-i +  Zp 2 p
Vmax -  * V I  + z f > -
The m ost c o n v e n ie n t  ty p e  o f  p o t e n t i a l  d i v i d e r  f o r  th e  
m easurem ent o f  v e ry  h ig h  v o l t a g e s  c o n s i s t s  o f  two c o n d e n s e r s  
i n  s e r i e s ,  a s  shown i n  F i g .  65 . The g r e a t e r  p a r t  o f  th e  
v o l t a g e  i s  d ro p p ed  a c r o s s  t h e  f i x e d  c o n d e n s e r ,  Cg, o f  sm a l l  
c a p a c i t a n c e .  The v a r i a b l e  c a p a c i t a n c e ,  C^, i s  re d u c e d  u n t i l  
t h e  lamp glow s th e n ,  i f  Cs i s  th e  v a lu e  o f  on s t r i k i n g
V = V ( —3. - - ) = V (1  + 2-5-)vmax s '  C2  s  Cg
When u s in g  t h e  e x t i n c t i o n  v o l t a g e  a s  s t a n d a r d ,  t h e  
c a p a c i t a n c e  i s  r e d u c e d  so t h a t  t h e  lamp g low s and t h e n  
i s  i n c r e a s e d  u n t i l  th e  lamp i s  j u s t  e x t i n g u i s h e d ,  t h e n
Q
vmax * VE( 1 + w here  Cg i s  th e  v a lu e  o f  C-^  a t
2
e x t i n c t i o n .
*
A. P a lm . Z e i t s .  f .  t e c h .  P h y s .  p p .  223-245  & 2 5 8 -2 7 0 , 1923.
106.
As b e f o r e  t h i s  e x p r e s s i o n  r e q u i r e s  t o  be  m o d i f ie d  i n  
o r d e r  to  a l lo w  f o r  t h e  c u r r e n t  t a k e n  by  th e  lamp p r i o r  to  e x ­
t i n c t i o n .  To make t h i s  c o r r e c t i o n  a  knowledge o f  t h e  im pedance 
o f  th e  lamp i s  e s s e n t i a l .  The s i m p le s t  e q u i v a l e n t  im pedance 
o f  t h e  lamp u n d e r  t h e s e  c i r c u m s ta n c e s  would be  t h a t  o f  a  c o n -  ' 
d e n s e r  o f  c a p a c i t a n c e ,  s a y  Cn .
Then V = VE + V*
.  VE + VE t c E :  S  -  VF ( 1  + + £ a )
h h Cg h 0 2  C£
w here  Cn  i s  t h e  e q u i v a l e n t  c a p a c i t a n c e  o f  th e
n eo n  lamp and v a r i e s  w i th  t h e  f r e q u e n c y .*
At 33 c y c l e s  p e r  seco nd  Cn  = 5 1 ^ / F
" 5 0  " " " Cn  = 34
" 83 » Cn  .22//^ F
The e q u i v a l e n t  lamp c a p a c i t a n c e  w i l l  t h u s  v a r y  w i th  
d i f f e r e n t  s u p p ly  wave fo rm s and t h e r e b y  may i n t r o d u c e  s e r i o u s  
e r r o r s .
The s t r i k i n g  v o l t a g e  sh o u ld  be  u se d  a t  a l l  t im e s  when 
t h e  wave fo rm  i s  e x p e c te d  t o  be  i r r e g u l a r  and  o f  c o u r s e  i s  th e  
o n l y  c r i t i c a l  v o l t a g e  w h ich  may be  u se d  f o r  th e  m easurem ent o f 
t r a n s i e n t  v o l t a g e s .
*
L. E. -R y a l l .  I . E . E . J . ,  69, p p .  8 9 1 -8 9 7 ,  1931.
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M easurem ent o f  C u r r e n t  P e a k s .
The u se  o f  a  n eo n  lam p, f o r  t h e  m easurem ent o f 
c u r r e n t  p e a k s ,  a s  I n  s t a r t i n g  and  s w i t c h in g ,  i s  employed* 
a s  shown ( F i g .  66) b y  c o n n e c t in g  a  known r e s i s t a n c e ,  Rg , i n  
s e r i e s  w i t h  t h e  m ain  c i r c u i t  and  m e a su r in g  th e  d ro p  a c r o s s  
t h i s  a s  f o r  v o l t a g e  p e a k s .  Then
I  -  w  _  V 3 r  
max Rs Rs
R
_  3vs R
I f  t h e  v o l t a g e  d ro p  a c r o s s  Rg i s  to o  low to  s t r i k e  
th e  lamp a  d i r e c t  c u r r e n t  b i a s s i n g  v o l t a g e  can  b e  p u t  i n  
s e r i e s  w i t h  t h e  lam p, so t h a t  th e  a d d i t i o n a l  v o l t a g e  r e q u i r e d  
to  s t r i k e  th e  lamp i s  q u i t e  s m a l l ,  and  i s  e q u a l  t o  t h e  v o l t  
d ro p  i n  Rg due t o  t h e  p e a k  c u r r e n t  ( F i g .  6 7 ) .
Then, i f  E i s  th e  v a lu e  o f  th e  b i a s s i n g  v o l t a g e
I  -  Vm 
m ax
(Vs -  E) -R
-v .—  • £
I n  a l t e r n a t i n g  c u r r e n t  c i r c u i t s  t h e  v o l t  d ro p  a c r o s s  
Rg c a n  be  t r a n s fo r m e d  to  a  s u i t a b l e  v a lu e  by  means o f  a  t r a n s ­
f o rm e r  o f  known r a t i o  i n  e i t h e r  o f  t h e  two ways i n d i c a t e d  i n  
F i g s .  68 and  69 .
*
A. K o r b l e i n ,  E .T .Z .  51,  p p .  1486-1489 ,  O c t .  1930 .
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P h y s i o l o g i c a l  A p p l i c a t i o n s .
The f l a s h i n g  n e o n  lamp c i r c u i t  h a s  b e e n  e x t e n s i v e l y  
u sed*  f o r  p h y s i o l o g i c a l  p u r p o s e s ,  e . g .  a s  a  s o u rc e  o f  s u p p ly  
to  p r o v id e  a  s t im u lu s  to  m u s c u la r  s p e c im e n s .  The s t im u lu s  
may b e  o b t a i n e d  ( F i g .  70) by i n s e r t i n g  a  n o n - i n d u c t iv e  p o te n ­
t i a l  d i v i d e r  i n  t h e  d i s c h a r g e  c i r c u i t  o f  th e  c o n d e n s e r .
The a d v a n ta g e s  o f  t h i s  method o v e r  a n  i n d u c t i o n  c o i l  
a r e  t h a t  ( a )  i t  i s  s i l e n t ,  ( b )  no m e c h a n ic a l  c o n t a c t s  a r e  
r e q u i r e d ,  ( c )  th e  a m p l i tu d e  and  f r e q u e n c y  o f  t h e  s t r e n g t h  of 
t h e  s t im u lu s  can  be  v a r i e d  e a s i l y  w i t h i n  s u i t a b l e  l i m i t s  and 
(d )  c o m p a r iso n s  o f  th e  s t r e n g t h s  o f  s t i m u l i  a r e  e a s i l y  made 
s i n c e  th e  s t r e n g t h  o f  th e  s t i m u l u s  i s  a p p ro x im a te ly  p r o p o r t i o n ­
a l  t o  t h e  d i s t a n c e  t r a v e l l e d  a lo n g  r  and t o  t h e  c a p a c i t a n c e  C 
o f  t h e  c o n d e n s e r .
* D a ly ,  I .  de  B urgh , P r o c .  P h y s i o l .  S o c .  5 9 , p p .  2 8 -2 9 ,
J u l y  5 , 1924 .
Leyshon,  W.A.,  J .  S c i . I n s t s .  8 .  p p .  202-204 ,  J u n e ,  1931 .
E x p e r im e n ta l  R e s u l t s .
1 .  P r e l im i n a r y  S t a b i l i z a t i o n  and T e s t in g  
o f  S t a b i l i t y .
2 .  E f f e c t  o f  an  e x t e r n a l  e l e c t r i c  f i e l d  on th e  
c r i t i c a l  v o l t a g e s  o f  a  n e o n  la m p .
3 .  S h i e ld i n g  o f  n e o n  lam p s .
110.
P r e l i m i n a r y  S t a b i l i z a t i o n .
The f a c t  t h a t  t h e  s t r i k i n g  v o l t a g e  o f  a  n e o n  lamp i s  
fo u n d  to  be  r a i s e d  i f  t h e  lamp h a s  b e en  a l lo w e d  to  s t a n d  i d l e  
f o r  some t im e  i s  ta k e n *  a s  an  i n d i c a t i o n  t h a t  an  a d so rb e d  
f i l m  o f  g a s e o u s  i m p u r i t i e s  h a s  fo rm ed on  t h e  e l e c t r o d e s .
The p a s s a g e  o f  t h e  d i s c h a r g e  to  a c e r t a i n  e x t e n t  c l e a n s  th e  
s u r f a c e  w i t h  a  c o n se q u e n t  r e d u c t i o n  o f  th e  s t r i k i n g  v o l t a g e .
The s t r i k i n g  v o l t a g e  b e in g  t h u s  d e p e n d e n t  on  th e  c o n ­
d i t i o n  o f  t h e  e l e c t r o d e s ,  a  p r e l i m i n a r y  s t a b i l i z a t i o n  o f  t h e  
lam ps h a s  b e e n  recommended b y  L. E. R y a l l*  w hereby  i m p u r i t i e s  
a r e  d r i v e n  f ro m  th e  e l e c t r o d e s  by  o v e r r u n in g  t h e  lamp f o r  
some t i m e .
F o l lo w in g  t h i s  recom m endation  c l o s e l y ,  s i x  lam ps w ere
p r e p a r e d  f o r  t e s t i n g .  At th e  same t im e  an i n v e s t i g a t i o n  o f
A't h e  e f f e c t  on th e  s t r i k i n g  v o l t a g e  o f  o v e r r u l i n g  t h e  lamps 
was c a r r i e d  o u t .
M easu rem en ts  were r e c o r d e d  o f  th e  s t r i k i n g  v o l t a g e  o f  
t h e  lamp i n  t h e  c o n d i t i o n  i n  w h ich  i t  was d e l i v e r e d .  The lamp 
was t h e n  c o n n e c te d  to  t h e  250 v o l t  su p p ly  and  a l lo w e d  t o  glow 
f o r  a b o u t  4 h o u r s ,  -  t h e  c u r r e n t  d u r in g  t h i s  t im e  b e in g  th e  
no rm al v a lu e  o f  a b o u t  22 m i l l i a m p e r e s .
The s t r i k i n g  v o l t a g e  was im m e d ia te ly  m easu red  and 
fo u n d  t o  be  a b o u t  10 v o l t s  h i g h e r  t h a n  p r e v i o u s l y .  On b e in g
* N. L. H a r r i s ,  P r o c .  P h y s .  S o c .  4 2 ,  p .  169,  A p r i l  1 5 ,  1930.
x L.  E.  R y a l l ,  J .  S c i .  I n s t s .  7 ,  p p .  1 7 7 -18 6 ,  J u n e ,  1930 .
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a l lo w e d  to  r e s t  f o r  4 day s  th e  s t r i k i n g  v o l t a g e  was fo u n d  to  
h av e  r e t u r n e d  to  i t s  n o rm al v a lu e .
The r e s i s t a n c e ,  a b o u t  5 ,0 0 0  ohm s.,  was now removed 
fro m  th e  c a p ,  and  a  c u r r e n t  o f  40 m i l l i a m p e r e s  m a in ta in e d  
th r o u g h  t h e  lamp f o r  a b o u t  4 h o u r s .  The v o l t a g e  r e q u i r e d  
f o r  t h i s  h a d  t o  be i n c r e a s e d  from  140 v o l t s  a t  th e  s t a r t  to  
170 v o l t s  a t  t h e  f i n i s h  o f  t h i s  o v e r ru n n in g  p e r i o d .
The s t r i k i n g  v o l t a g e  im m e d ia te ly  a f t e r  o v e r ru n n in g  
was fo u n d  t o  be a b o u t  20 v o l t s  h i g h e r  t h a n  t h e  o r i g i n a l  v a l u e .  
However, a f t e r  r e s t i n g  f o r  4 d a y s  t h e  lamp r e c o v e r e d  and th e  
s t r i k i n g  v o l t a g e  was a g a in  a b o u t  e q u a l  t o  i t s  o r i g i n a l  v a l u e .
From th e  above i t  would a p p e a r  t h a t  o v e r ru n n in g  th e  
lamp h a s  no e f f e c t  on  t h e  s t r i k i n g  v o l t a g e  so lo n g  a s  th e  lamp 
i s  g iv e n  s u f f i c i e n t  t im e  t o  r e c o v e r .  A f t e r  th e  lamp h a d  b e e n  
o v e r r u n ,  how ever, t h e r e  a p p e a re d  t o  b e  g r e a t e r  c o n s i s t e n c y  
b e tw ee n  s u c c e s s i v e  r e a d i n g s ,  show ing i n  a  g e n e r a l  way t h a t  
th e  lamp was i n  a  more s t a b l e  c o n d i t i o n .
T e s t in g  o f  S t a b i l i t y .
The n e o n  o s c i l l a t o r  c i r c u i t  w i th  d e t e c t o r  a s  shown,
F i g .  7 1 ,  was employed t o  t e s t  t h e  s t a b i l i t y  o f  t h e  n e o n  la m p s .*
U n le ss  t h e  lamp i s  i n  a  s t a b l e  c o n d i t i o n  t h e  o s c i l l a ­
t i o n s  a r e  fo u n d  to  c e a s e  when t h e  c a p a c i t a n c e  i s  re d u c e d  below  
0 .0 0 1  m i c r o f a r a d .  The f r e q u e n c y  o f  t h e  o s c i l l a t i o n s  c an  be 
i n c r e a s e d  above  th e  a u d io  f r e q u e n c y  r a n g e  (2 0  k i l o c y c l e s )  i f
* L. E .  R y a l l ,  J .  S c i . I n s t s .  7 ,  p p .  1 7 7 -18 6 ,  J u n e ,  1930 .
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th e  lamp i s  s t a b l e .  The c a p a c i t a n c e  c a n  be re d u c e d  to  l e s s  
t h a n  50 m ic r o - m i c r o - f a r a d s  b e f o r e  th e  o s c i l l a t i o n s  c e a s e  w i th  
a  c o n s e q u e n t  sudden  change i n  th e  a p p e a ra n c e  o f  th e  g lo w .
W ith  some lam ps a l t h o u g h  th e  c o n d e n s e r  c a p a c i t a n c e  c an  be 
re d u c e d  to  z e r o ,  t h e  o s c i l l a t i o n s  c o n t in u e  due to  t h e  c a p a c i t ­
an ce  o f  th e  n e o n  lamp and th e  lamp h o l d e r .  The s l i g h t e s t  i n ­
s t a b i l i t y  o f  th e  lamp d e c r e a s e s  t h i s  u l t r a - a u d i o  f r e q u e n c y  to  
one w i t h i n  t h e  ra n g e  o f  th e  c o n d e n s e r .
The p r o c e d u r e ,  t h e n ,  i s  to  o b s e rv e  t h e  c o n d e n s e r
r e a d in g  c o r r e s p o n d in g  to  t h e  maximum f r e q u e n c y  o b t a i n a b l e .
p e r  s e c .
I f  t h i s  f r e q u e n c y  i s  be low  a b o u t  20 k i l o c y c l e s / t h e  lamp sh o u ld  
be  r e j e c t e d .  A f t e r  t h e  lamp h a s  b e en  r e s t e d  f o r  some days 
t h e  e x p e r im e n t  i s  r e p e a t e d ,  and  i f  t h e  c o n d e n s e r  r e a d in g  f o r  
maximum f r e q u e n c y  i s  u n a l t e r e d  t h e  lamp i s  assum ed to  be  s t a b l e .
A l l  th e  lam ps e x c e p t  one p a s s e d  t h i s  t e s t  s a t i s f a c t o r i l y  
and w ere  u s e d  i n  t h e  s u b s e q u e n t  e x p e r im e n t s .
I n  t h e  c a s e  o f  t h e  lamp w hich  f a i l e d ,  a l t h o u g h  i t  
o s c i l l a t e d  above a u d io  f r e q u e n c y ,  an  i n t e r m i t t e n t  v i o l e n t  
f l a s h  o c c u r r e d .  On ex am in ing  t h i s  lamp i t  was found  t h a t ,  a t  
one o f  t h e  l e a d i n g - i n  w i r e s  a  l e a k  h a d  d e v e lo p e d .  T h i s ,  c a u s ­
in g  th e  vacuum t o  be  i m p e r f e c t ,  w ould  a c c o u n t  f o r  t h e  i r r e g u l a r  
b e h a v io u r  o f  th e  lamp i n  th e  o s c i l l a t o r y  c i r c u i t .
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The E f f e c t  o f  an  E x te r n a l  E l e c t r i c  F i e l d
on. th e  C r i t i c a l  D. C. V o l ta g e s  o f  a  Neon Lamp.
A lth o u g h  u n a b le  to  o b s e rv e  any  a l t e r a t i o n  i n  th e  
s t r i k i n g  v o l t a g e  o f  a  neon  lamp by  s u b j e c t i n g  i t  t o  th e  
r a d i a t i o n  fro m  su c h  i o n i s i n g  a g e n t s  a s
( i )  l i g h t  from  a  60 w a t t  g a s  f i l l e d  lam p,
( i i )  b a r iu m  o x id e  p a s t e d  o v e r  t h e  b u lb  o f  t h e  neon  
lam p ,
( i i i )  u ran iu m  o x id e  u se d  a s  i n  ( i i ) ,
( i v )  p a r t i a l l y  e x h a u s te d  ra d iu m  n e e d l e s  pow dered and 
u s e d  a s  i n  ( i i )
and ( v )  l i g h t  from  a  s i m i l a r  n eo n  lam p, e x p e r im e n ts  were 
c a r r i e d  o u t  t o  f i n d  t h e  e f f e c t  o f  p l a c i n g  th e  lamp i n  ( a )  an  
a l t e r n a t i n g  e l e c t r i c  f i e l d  and  ( b )  a  s t e a d y  e l e c t r i c  f i e l d .
T h is  i n v e s t i g a t i o n  was p ro m pted  by  t h e  f a c t  t h a t  th e  
s t r i k i n g  v o l t a g e  h a d  b e en  o b s e rv e d  t o  be  r e d u c e d  when th e  
lamp was i n  th e  n e ig h b o u rh o o d  o f  a  h i g h  v o l t a g e  l e a d .  As th e  
r e s u l t s  o b s e r v e d  w ere  somewhat s i m i l a r  t o  th e  p h o t o - e l e c t r i c  
e f f e c t s  d e s c r i b e d  by  Oschwald and F a r r a n t * ,  t h e  p r e c a u t i o n  
was t a k e n  o f  p e r f o rm in g  t h e  e x p e r im e n ts  i n  a  d a r k  room w i th  
o n l y  t h e  s c a l e  o f  t h e  v o l t m e t e r  i l l u m i n a t e d .
The a r ra n g e m e n t  o f  t h e  a p p a r a t u s  was a s  shown ( F i g .  
7 2 ) ,  t h e  n e o n  tu b e  b e in g  s u p p o r te d  b e tw ee n  two m e ta l  p l a t e s  
c a r r i e d  on wooden b l o c k s .  O nly  t h e  b e e - h i v e  ty p e  o f  neon  
tu b e  was u s e d  i n  t h e s e  e x p e r im e n t s .
* Oschwald & F a r r a n t ,  P r o c .  P h y s .  S oc . 36 , p .  241, 1923 -192 4 .
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The p o t e n t i a l  d i f f e r e n c e  b e tw ee n  th e  p l a t e s  was 
v a r i e d  by a d ju s tm e n t  o f  th e  e x c i t a t i o n  o f  th e  a l t e r n a t o r  
c o n n e c te d  d i r e c t l y  t o  th e  p l a t e s .  F o r  v o l t a g e s  above 600 v o l t s  
be tw een  t h e  p l a t e s ,  s u i t a b l e  h . v .  t r a n s f o r m e r s  w ere  em ployed .
F o r  t h e  d . c .  v o l t a g e  be tw een  th e  p l a t e s  a  num ber o f  
s e c o n d a ry  c e l l s  was em p loy ed .
The m easurem ent o f  t h e  v o l t a g e  b e tw een  t h e  p l a t e s  was 
c a r r i e d  o u t  by  means o f  an  e l e c t r o s t a t i c  v o l t m e t e r  o r  from  
t h e  r a t i o  o f  t r a n s f o r m a t i o n  o f  th e  t r a n s f o r m e r  and  th e  o b se rv e d  
v o l t a g e  on t h e  L .T . w in d in g .  The f a c t  t h a t  e i t h e r  o f  t h e s e  
m ethods c o u ld  be  employed was v e r i f i e d  by  c a r r y i n g  o u t  a  t e 3 t  
be low  600 v o l t s  w i t h  th e  s u p p ly  t a k e n  from  t h e  t r a n s f o r m e r s  
and  th e  i n d u c t i o n  r e g u l a t o r .  The r e s u l t s  w ere  found  t o  a g re e  
w i t h  t h o s e  o b t a i n e d  when th e  s u p p ly  was t a k e n  d i r e c t  f rom  th e  
a l t e r n a t o r .
The D .C . s u p p ly  t o  t h e  n eo n  tu b e  was o b t a i n e d  a s  shown 
i n  F i g .  7 3 .  The r o u t i n e  a d o p te d  th r o u g h o u t  was a s  f o l l o w s : -  
t h e  t a p p in g  on  R3 was k e p t  f i x e d  i n  su ch  a  p o s i t i o n  t h a t  w i th  
R1 and R2 a l l - i n ,  t h e  v o l t a g e  a c r o s s  t h e  tu b e  was c o n s i d e r a b ly  
be low  t h a t  a t  w h ich  th e  tu b e  c o u ld  g lo w .
R1 and  R2 w ere  t h e n  v e r y  g r a d u a l l y  c u t  o u t  u n t i l  t h e  
tu b e  was J u s t  c a u se d  to  g lo w .  By a d o p t in g  t h i s  p r o c e d u r e  th e  
r e s i s t a n c e  i n  p a r a l l e l  w i t h  t h e  lamp rem a in e d  u n a l t e r e d .  The 
v o l t a g e  r e c o r d e d  was t h e  v a lu e  a t t a i n e d  J u s t  b e f o r e  th e  glow  
was o b s e r v e d .  When t h i s  s t r i k i n g  v o l t a g e  had  b e e n  r e c o r d e d  
R1 and R2 w ere  im m e d ia te ly  i n c r e a s e d  g r a d u a l l y  u n t i l  t h e  glow
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was j u s t  e x t i n g u i s h e d .  T h is  e x t i n c t i o n  v o l t a g e  was a l s o  
r e c o r d e d .  R1 and R2 w ere  t h e n  i n c r e a s e d  t o  t h e i r  maximum 
v a l u e s .  T h is  was r e p e a t e d  s e v e r a l  t im e s  f o r  each  v a lu e  o f  
t h e  f i e l d  and  an  a v e ra g e  t a k e n  o f  b o th  th e  s t r i k i n g  and 
e x t i n c t i o n  v o l t a g e s .
The v a lu e s  o b t a i n e d  f o r  th e  s t r i k i n g  v o l t a g e  o f  a 
g iv e n  lamp on d i f f e r e n t  o c c a s io n s  v a r i e d  by  one o r  two v o l t s ,  
b u t  f o r  any  one s e t  o f  r e a d i n g s  t h e y  w ere  q u i t e  c o n s i s t e n t .
The s t r i k i n g  v o l t a g e  was o b s e rv e d  t o  be much h i g h e r  
i f  t h e  lamp h a d  b e e n  s t a n d in g  i d l e  f o r  some t im e .  To e l i m i n ­
a t e  t h e  e f f e c t  o f  t h i s  u n c e r t a i n  i n i t i a l  c o n d i t i o n  th e  lamp 
was c a u se d  t o  glow  s i x  t im e s  b e f o r e  any  o b s e r v a t i o n s  w ere  
r e c o r d e d .
The r a t e  a t  w hich  t h e  v o l t a g e  a p p l i e d  t o  th e  lamp 
was i n c r e a s e d  o r  d e c r e a s e d  was fo u n d  t o  h av e  an  i m p o r t a n t  
b e a r i n g  on th e  c r i t i c a l  v o l t a g e s .  As t h e s e  v o l t a g e s  were 
r e c o r d e d  by  a  K e lv in  M u l t i c e l l u l a r  v o l t m e t e r  t h e  r a t e  o f  a p p l i ­
c a t i o n  was g o v e rn e d  by  th e  n e c e s s i t y  o f  g i v i n g  t h e  v o l t m e t e r  
t im e  t o  i n d i c a t e  any  ch an g es  made i n  t h e  c i r c u i t .
A t y p i c a l  s e t  o f  o b s e r v a t i o n s  i s  r e c o r d e d  i n  Table  15 . 
F o r  a  g iv e n  s e t  o f  c o n d i t i o n s  t h e  s t r i k i n g  v o l t a g e  i s  o b se rv e d  
to  be v e r y  c o n s i s t e n t .  The d iv e r g e n c e  fro m  th e  mean v a lu e  i s  
g e n e r a l l y  much l e s s  t h a n  one p e r  c e n t ,  e x c e p t  n e a r  t h e  c r i t i ­
c a l  v a lu e  o f  t h e  e l e c t r i c  f i e l d  b e tw ee n  t h e  p l a t e s  when th e  
lamp i s  o b v i o u s l y  i n  an  u n s t a b l e  c o n d i t i o n .  T h is  c o n d i t i o n  
i s  a p p a r e n t  w i t h  380 v o l t s  b e tw een  t h e  p l a t e s  w i t h  t h e  con­
d i t i o n s  c o n s i d e r e d .
Table 15.
117
T y p ic a l  s e t  o f  o b s e r v a t i o n s  o f  s t r i k i n g  voltage.
Supply to P la te s  = 5 0  eye  I e s /^ ec 
One Plate  Earthed .




D .C .S t r i k in g  V o l tage |  Hi
5  *
O b s e r v e d  Values Mean. X  vO
^  f \
0 IS4'T, >5+9, 155-3, ISA 9, l f+ 7 ,  I f 4 3 155-3 119-9
2 0 0 I E 3 - 3 , l fA $ ,  153-7 ,153  9 , 1 5 4 1 ,  153-3 153-7 1/9-9
3 0 0 1517 , 15/ 3 , 152.1, 1513  , 151 -g , / S / 7 I S / 7 U 9 -9
32 0 IS/-1 ,1511 ,  I S I S ,  ISO-9,151-3, IS/-5 I S / 3 / /9-9
34  0 150 9 ' IS I - I  , I 5 0 7 ; i s o - 9 1 ISO-7,150 -9 150-9 H 9 9
3 6 o ISO-7,149-1, ISO-3,149-7 ,  ISO-3, 1*9-7 149-9 1/9-9
380
1450, 1 370 ,  1 3 8 -6 ,137-0, 1 4 / 4 ,  / + 0'* 
142-6, 139-6 , 1 4 5 0 ,1 4 3 -2 ,  140-01 1 4 1 3
141-4 1/9-9
4 0 0 128-7,127-7, 129-1. ' * 8 5 ,  1283, '*9  ' 128 6 H9-9
420 1 2 7 3 ,1 2 7 -5 ,  126-9 , 1 2 6 7 ,  126-9, 126-7 127-0 a 9  9
440 125-4, 125-8, 125-2, 1 2 5 8 ,  126-2, 126-2 125-8 H9-9
460 125-8, 1260 ,  1 2 5 2 ,  1 2 5 4 ,  125-2, 1256 1 2 5 6 H 9 -9
460 1 2 5 8 ,  125-8, 126 0  , 126 2 , 126-0, 126-2 126-0 " 9 - 9
S o o 1262 .  1 2 5 8 ,1 2 6 -0 ,  1 2 5 6 ,  1252, 125 4 I25Q " 9-9









From T ab le  15 and t h e  g ra p h  ( F i g .  74) o f  t h e  s t r i k i n g  
v o l t a g e  p l o t t e d  t o  a  b a se  o f  t h e  f i e l d  s t r e n g t h  ( o r ,  s im p ly ,  
t h e  v o l t a g e  b e tw ee n  th e  p l a t e s )  i t  i s  s e e n  t h a t  t h e  s t r i k i n g  
v o l t a g e  d e c r e a s e s  g r a d u a l l y  a t  f i r s t  a s  t h e  f i e l d  s t r e n g t h  
i n c r e a s e s .  When a  c e r t a i n  v a lu e  o f  f i e l d  i n t e n s i t y  i s  
a t t a i n e d ,  how ever ,  t h e  s t r i k i n g  v o l t a g e  su d d e n ly  d e c r e a s e s  
t o  a  v a lu e  o n ly  a  few v o l t s  g r e a t e r  th a n  th e  e x t i n c t i o n  
v o l t a g e .
I t  i s  th e  p u rp o s e  o f  t h e  f o l lo w in g  e x p e r im e n ts  to  
i n v e s t i g a t e  t h i s  phenomenon and t o  d e te rm in e  th e  c o n d i t i o n s  
upon  w h ich  i t  d e p e n d s .
I n  a l l  th e  t a b l e s  o f  r e s u l t s  f o l lo w in g  t h i s ,  o n ly  
t h e  mean t r u e  v o l t a g e s  a r e  r e c o r d e d .
120 .
R e s i s t a n c e  I n  s e r i e s  w i th  la m p .
The e f f e c t  o f  r e s i s t a n c e  i n  s e r i e s  w i t h  t h e  lamp was 
i n v e s t i g a t e d  by  ( a )  t a k i n g  a  s e t  o f  r e a d i n g s  w i th  th e  p r o t e c t ­
i v e  b a l l a s t  r e s i s t a n c e  i n  t h e  lamp h o l d e r  and  ( b )  t a k i n g  a 
seco n d  s e t  w i th  t h i s  r e s i s t a n c e  rem oved . The m ag n itu d e  o f  
t h e  b a l l a s t  r e s i s t a n c e  i n  t h i s  ty p e  o f  lamp i s  ab o u t  5000 ohms.
The rem ov a l o f  t h i s  r e s i s t a n c e  had  a  n e g l i g i b l e  e f f e c t  
on t h e  c h a r a c t e r i s t i c  b e in g  i n v e s t i g a t e d .  Due t o  th e  a b se n c e  
o f  t h i s  r e s i s t a n c e  th e  c u r r e n t  t a k e n  by  th e  lamp a f t e r  t h e  
s t r i k i n g  v o l t a g e  was a t t a i n e d ,  was v e ry  much g r e a t e r .  T h is  
sudden  i n c r e a s e  i n  c u r r e n t  c a u se d  a  sudden  d ro p  i n  t h e  lamp 
t e r m i n a l  v o l t a g e .  W ith  th e  a r ra n g e m e n ts  employed th e  d ro p  
was o f  t h e  o r d e r  o f  10 v o l t s ,  so t h a t  t h e  v o l t m e t e r  c o u ld  be 
u s e d  a s  an  i n d i c a t o r  o f  th e  o c c u r r e n c e  o f  s t r i k i n g  w i th o u t  
a c t u a l l y  h a v in g  t h e  lan?> v i s i b l e .  T h is  was a  p a r t i c u l a r l y  
c o n v e n ie n t  m ethod when s c r e e n s  w ere  employed o v e r  th e  lamp 
b u l b .  A l l  t h e  lam ps t e s t e d  t h e r e f o r e  had  th e  b a l l a s t  r e s i s t ­
an ce  removed from  th e  lan?) c a p .
V a r i a t i o n  o f  F re q u e n c y  o f  A l t e r n a t i n g  F i e l d .
The f r e q u e n c y  o f  t h e  v o l t a g e  be tw een  th e  p l a t e s  was 
v a r i e d  o v e r  t h e  ra n g e  from  25 t o  60 c y c l e s  p e r  seco n d  and 
o b s e r v a t i o n s  t a k e n  o f  t h e  d . c .  s t r i k i n g  v o l t a g e  o f  th e  lam p.
As s e e n  fro m  T ab le  16 and F i g .  75 th e  e f f e c t  i s  a p p a r e n t l y  
in d e p e n d e n t  o f  f r e q u e n c y .  C o n s e q u e n t ly  a  d . c .  s u p p ly  t o  th e  
p l a t e s  s h o u ld  p ro d u c e  e x a c t l y  s i m i l a r  r e s u l t s .
Table 16.
S 1  a
5  k  ;
D.C. S tr ik in g  Voltage.
f x S O 5 0  * 5 0 B 4  0 2  5
0 IS 3 -7 I S S 3 154 '* /S4-3 I S  S ' S
z o o I S 3 S I S 3  7 I S 3 - S I S 3 3 I S 3 S
3 0 0
1
t s z i IS / -7 I S / - 7 I S I S IS2-3
11
3 2 0 I S / S IS/-  3 I S / 3 I S / S ISO 3
3 * 0 I S / S iso -g I S / I ISO -7 1 4 9 -S
3 6 0 1 4 7 7 149-9 I 4 7 S 1 4 4 -7 140-8
3QO 13 3 / 141-4 137-0 / 2 7 -6 1 2 8 - 4
4 -0 0 127 8 128-6 128-1 127-4 1 2 6 0
4 2 0 1 26 0 127-0 I 2 7 S 12 7-4 I2 S -6
4 4 0 1 2 6  4 I2S-8 1 2 7 7 1262. J2S-6
4-bo 12 S  8 12 S  6 127-6 1 2 6 0 12 S -4
48o 12 S  4 126-0 127-4 I 2 S S I2S-4
S'OO I2S-4 I2S-8 127-1 1 2 6 0 I2 S 2.
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123 .
S te a d y  F i e l d  -  D .C . b e tw ee n  p l a t e s .
On f i r s t  a t t e m p t in g  t h i s  e x p e r im e n t  i t  was found  
im p o s s ib l e  t o  p ro d u c e  any  d i m i n u t io n  o f  t h e  s t r i k i n g  v o l t a g e  
w i th  t h e  1200 v o l t s  d . c .  o b t a i n a b l e  ( b y  c o n n e c t in g  a l l  a v a i l ­
a b l e  c e l l s  i n  s e r i e s ) .  However, by  e a r t h i n g  one o r  o t h e r  o f  
t h e  p l a t e s  th e  phenomenon o b s e rv e d  w i t h  a . c .  was r e p e a t e d .
The b a t t e r y  s u p p ly  t o  th e  neon  lamp b e in g  in c lu d e d  
i n  t h e  D .C . s u p p ly  to  t h e  p l a t e s  would make th e  d i s t r i b u t i o n  
o f  t h e  f i e l d  b e tw een  th e  p l a t e s  t o t a l l y  d i f f e r e n t  from  t h a t  
w i t h  A.C. Hence u n le s s  one o f  th e  p l a t e s  was e a r t h e d  i t  
w ould be  im p o s s ib l e  t o  h av e  t h e  lamp i n  a  f i e l d  s u f f i c i e n t l y  
i n t e n s e  t o  a f f e c t  th e  s t r i k i n g  v o l t a g e .
N e v e r th e l e s s  t h e  r e s u l t s  o f  t h i s  e x p e r im e n t  ( T ab le  17) 
s e r v e  to  show t h a t  t h e  e f f e c t  o f  a  d . c .  f i e l d  on  th e  s t r i k i n g  
v o l t a g e  o f  a  neon  lamp i s  s i m i l a r  t o  t h a t  o f  an  a . c .  f i e l d .
A l t e r n a t i n g  F i e l d  -  e f f e c t  o f  e a r t h i n g  one p l a t e .
F o l lo w in g  th e  o b s e r v a t i o n s  w i t h  a  s t e a d y  f i e l d  th e  
e f f e c t  o f  e a r t h i n g  th e  p l a t e s  i n  t u r n  was i n v e s t i g a t e d  
( T a b l e s  18 and 1 9 ) .
From T ab le  18 i t  i s  s e e n  t h a t ,  o n l y  when one p l a t e  
i s  e a r t h e d ,  t h e  c r i t i c a l  f i e l d  s t r e n g t h  i s  p ro d u c e d  w i th  
a b o u t  440 v o l t s  b e tw ee n  t h e  p l a t e s .  W hereas when n e i t h e r  
p l a t e  i s  e a r t h e d  t h e  s t r i k i n g  v o l t a g e  i s  n o t  a f f e c t e d  u n t i l  
a b o u t  1200 v o l t s  i s  a p p l i e d  t o  t h e  p l a t e s  ( T a b le  1 9 ) .  H ere  
a g a i n  t h e  a l t e r e d  d i s t r i b u t i o n  o f  t h e  f i e l d  w i th  one p l a t e  
e a r t h e d  may a c c o u n t  f o r  t h i s  change  i n  th e  v o l t a g e  a p p l i e d  
t o  t h e  p l a t e s  .
Table 17.
1 2 4
Steac/y F i e l d .— D.C. b e t w e e n  p la tes .
s f  s
5 ^ 5
^  ffl ^
D. C S t r i k i n g  Voltage
*
5 Oi K o- y <
? 5
ifi *
Po s i t i v e
P l at e
E a R W E D
N e t A T I / E
PLATE
e a r t h e d
N e i t h e r
P l at e
E a r t h e d
0 i s s s I S S S / S A 3 I 2 7 S
2 o o I S P S IS P S ' I S A 3 I 2 2 S
4 0 0 I S  3-9 I S P / ISA-3 I 2 2 S
S o o I SAI I S A  7 I S A ’3 1 2 2 S
b o o IS2-9 I S 4 3 I S A 3 122’S
7 0  0 IS* 3 I S 3  ! ISA-3 I 2 2 S
8 o o I S 2 3 14 S 3 ISA-3 I 2 2 S
8  S o I S O / 13 S 3 ISA-2. I 2 2 S
9 0 0 1 2 9 3 12 S o ISA-o I 2 2 S
/ o o o 12 9 3 12 S ’4 15*3-3 1 2 2 - S
Table 1 8 .  Table 19 .
N e i t h e r  P la t e  Earthed.
£ h D.C. St r  iking Volta g  e I  Ui 
6  $ Ul S yi V? A Uj
UJ £ «• 




P l a t e
UEQ
tie a  Herr
Pl a t e
Earthed
> K
g ^  
ki
? t KK k.  ^?} «*£
o tj
q e  ^VI £
o / S + 3 IS 3 -S IS 6-6 122-3 o 153-7 1227
3+o / S i  9 IS 1-7 156-0 122-3 + 0 0 I S 3 S 122-7
36 O I S / 3 I S I S I S S 8 122-3 6 o o I S3-7 1227
3 8 0 I So-S ISl-l /  SS'7 122-3 + o o I S  3 7 122-7
+ 0 0 1 4 9 3 149-3 ISS-6 1223 / o o o / S 3  5 112-7
+ + 0 I 4 S S / 4 6 o I S + I 122-3 n o o ISX-S 1 2 2 7
+ 6 0 1 3 3 3 137-7 I S 4 I 1 2 2 3 1 2 0 0 i40'2. 122-7





Soo 133 3 137-S IS3 3 122-3
A
1 6 0 0 137-2 2
^ Flashing o c c u r s  a t  
137 vo l ts  and  
e x t  m o t io n  v o l t a g e  
i  s in d e  term in a t e .
126 .
W ith  n e i t h e r  p l a t e  e a r t h e d  th e  c o n d i t i o n s  w i t h i n  th e  
lamp w ere  much l e s s  s t a b l e  when th e  v o l t a g e  b e tw een  th e  p l a t e s  
exceed ed  1200 v o l t s .  I h i s  c o n d i t i o n  was m a n i f e s t  by  i n t e r ­
m i t t e n t  f l a s h i n g  o c c u r r i n g  a t  a  v o l t a g e  somewhat lo w e r  th a n  
t h a t  r e q u i r e d  to  m a i n t a i n  a  s t e a d y  d i s c h a r g e .  The e x t i n c t i o n  
v o l t a g e  was q u i t e  i n d e t e r m i n a t e  u n d e r  t h e s e  c o n d i t i o n s .
R e s u l t s  on O th e r  Lamps.
That t h e  p r e c e d in g  r e s u l t s  a r e  n o t  c h a r a c t e r i s t i c  o f 
one p a r t i c u l a r  lamp was v e r i f i e d  by  r e p e a t i n g  th e  e x p e r im e n ts  
on f i v e  lam ps p u r c h a s e d  on  d i f f e r e n t  o c c a s i o n s .  The o b s e r v a ­
t i o n s  a r e  r e c o r d e d  i n  Table  20 and c u rv e s  t h e r e f r o m  a r e  d raw n, 
F i g .  7 6 .
From t h e s e  f i g u r e s  and c u rv e s  i t  i s  s e e n  t h a t  s i m i l a r  
e f f e c t s  a r e  o b s e rv e d  w i t h  a l l  t h e  la m p s .  The d ro p  i n  th e  
v a lu e  o f  t h e  s t r i k i n g  v o l t a g e  a f t e r  th e  c r i t i c a l  f i e l d  s t r e n g t h  
i s  r e a c h e d  i s  r e m a rk a b ly  c o n s i s t e n t ,  b e in g  a b o u t  30 v o l t s  f o r  
each  la m p . The f a c t  t h a t  th e  c r i t i c a l  f i e l d  s t r e n g t h  i s  n o t  
e x a c t l y  a l i k e  f o r  a l l  o f  th e  lamps can  be a c c o u n te d  f o r  by 
t h e  d i f f e r e n c e s  i n  g a s  c o n t e n t ,  g a s  p r e s s u r e  and  c o n s t r u c t i o n a l  
d e t a i l s  o f  t h e  v a r i o u s  la m p s .
C o n t in u o u s ly  a p p l i e d  v o l t a g e  l e s s  t h a n  V s .
To d e te rm in e  t h e  e f f e c t  o f  s u s t a i n e d  weak i o n i s a t i o n  
w i t h i n  t h e  lam p, t h e  v o l t a g e  a p p l i e d  t o  t h e  lamp was m a in ta in e d  
a t  156 v o l t s  ( i . e . ,  a b o u t  4 v o l t s  below  th e  s t r i k i n g  v o l t a g e )  
a n d  r e a d i n g s  o f  t h e  s t r i k i n g  v o l t a g e  r e c o r d e d  from  t im e  t o  t im e .
Table 2 0 . 127
UJ $  v, 
yj in^  I .
D C. Striking Vo/tage
<  X K
h  ^
^ < u  ^ L  /. L  2 . L  4 L  5 . L 6 .
0 1 5 4 3 / 5 8  6 151-7 165-9 160 6
2 0 0 1 5 3  5 /57-o 150-5 1 6 4 / 160-2
Z S o 1 5 3 5 /S 6 -5 1 4 9 / /63-o 159-8
2 8 0 1 5 2 7 1 5 5 5 141-2 162-7 / s g -o
3 0 0 15b 7 154-3 13/7 161-9 iSQ -8
3 2  0 1 5 / 3 152-0 120-2 160 0 /58-o
3 4 0 I f f / 147-0 1 2 6 5 1 5 8 5 /S 7 -5
3 6 0 1 4 7 5 /3 7 -0 125-5 /5 5 -0 /S 6 -8
3  8 0 1 3 7 0 132-5 /  2 5-0 145-0 156-3
4 0 0 1 2 8 / 1 3 2 / 124' 8 139-8 1 4 8 7
4 2  O 127-5 131-5 1 2 4 '5 1 3 7 0 1404
4 5 0 127-7 / 3 0 - S 124 3 1 3 5 5 13/ 7
5 0 0 1 2 7 / 1 3 0 -5 124-0 / 3  S 3 1 3 0 0
b o o 125-2 1 3 0 -5 1 2 4 0 1 3 5 0 12.9 s
E*tincyiom




Im m e d ia te ly  a f t e r  s t r i k i n g ,  t h e  v o l t a g e  was r e d u c e d  
t i l l  t h e  lamp was e x t i n g u i s h e d  and t h e n  th e  v o l t a g e  was r a i s e d  
a g a i n  to  156 v o l t s .  The r e s u l t s  showed t h a t  a v o l t a g e  s l i g h t ­
l y  l e s s  t h a n  t h e  s t r i k i n g  v o l t a g e  a l t h o u g h  a p p l i e d  f o r  some 
c o n s i d e r a b l e  t im e  i s  i n c a p a b l e  o f  p r o d u c in g  s u f f i c i e n t  i o n i s a ­
t i o n  t o  a l t e r  th e  s t r i k i n g  v o l t a g e  o f  t h e  lamp i n  any  way.
A l t e r n a t i n g  S upp ly  to  lamp i n  a . c .  f i e l d .
W ith  an  a l t e r n a t i n g  v o l t a g e  s u p p l i e d  t o  th e  lamp i n  
a n  a l t e r n a t i n g  f i e l d  th e  s t r i k i n g  v o l t a g e  re m a in s  u n a l t e r e d  
a l t h o u g h  th e  v o l t a g e  b e tw ee n  t h e  p l a t e s  was i n c r e a s e d  t o
3 0 ,0 0 0  v o l t s  ( c o r r e s p o n d in g  t o  a  f i e l d  s t r e n g t h  o f  abo u t 
300 v o l t s  p e r  cm. w i t h  n e i t h e r  p l a t e  e a r t h e d )  T ab le  21 .
From z e r o  t o  1 ,0 0 0  v o l t s  b e tw ee n  t h e  p l a t e s  i n t e r m i t ­
t e n t  f l a s h i n g  o f  th e  h i v e  and d i s c  o c c u r r e d  when a  v o l t a g e  o f  
103 v o l t s  was a p p l i e d  to  th e  lam p . At 105 v o l t s  th e  d i s c  
g low ed s t e a d i l y  and th e  f l a s h i n g  a t  th e  h i v e  c e a s e d .  T his  
v a lu e  o f  105 v o l t s  was r e c o r d e d  a s  t h e  s t r i k i n g  v o l t a g e  f o r  
th e  d i s c .
Above 1 0 ,0 0 0  v o l t s  b e tw een  t h e  p l a t e s  t h e  i n t e r m i t t e n t  
f l a s h i n g  was v e r y  c o n s i d e r a b l y  r e d u c e d ,  due p r o b a b ly  t o  t h e  
f a c t  t h a t  t h e  sp a c e  b e tw ee n  th e  e l e c t r o d e s  was now c o m p le te ly  
i o n i s e d .  A f a i n t  glow  was o b s e rv e d  t o  sp re a d  o v e r  t h e  lamp 
b u l b  a t  t h i s  v a lu e  o f  f i e l d  s t r e n g t h .
At 3 0 ,0 0 0  v o l t s  b e tw ee n  t h e  p l a t e s  and  th e  d i s c  




B e t w e e n
P l a t e s
A.C.Stbikinq / o l t a g e
Hive Disc
o /04-8 H4'o
300 / o s -2 uz-z
400 /o r  2 m -6
Soo / o s  2 n / z
6oo IOS2 1/1-2.
/Soo / o s -2 H3 6
3000 / O S  6 1 / 3 - 4
4 SOO 106 0 //3 o
6.000 /062 1/1-4
7 soo /o6 Z III- 6
/ zooo /OS-4 UO-Q
10000 ios4 /098
1 3 1 .
a t t a c h  i t s e l f  t o  th e  h i v e .  T h is  glow  m e re ly  i n c r e a s e d  i n  
b r i g h t n e s s  when th e  v o l t a g e  was r a i s e d  to  th e  h iv e  s t r i k i n g  
v o l t a g e .
S h i e l d i n g  o f  Neon Lamp.
A f i n e  mesh b r a s s  g au ze  s h i e l d  i n  t h e  fo rm  o f  a 
c y l i n d e r  w i t h  one end c lo s e d  was f i t t e d  o v e r  th e  lamp and 
a l l  t h e  p r e c e d in g  t e s t s  r e p e a t e d .  I n  no c a s e  was i t  found  
p o s s i b l e  t o  p ro d u c e  any  m arked change  i n  t h e  v a lu e  o f  th e  
s t r i k i n g  v o l t a g e .  The s h i e l d  i n  a l l  t e s t s  was c a r e f u l l y  
e a r t h e d .
Hie v a lu e s  shown i n  Table  22 g i v e  t h e  s t r i k i n g  
v o l t a g e s  o f  t h e  lamp when s u p p l i e d  w i th  a l t e r n a t i n g  and 
d i r e c t  c u r r e n t  s u p p l i e s .  W ith  a . c .  s u p p ly  t o  t h e  lamp i n t e r ­
m i t t e n t  f l a s h e s  i n  th e  lamp o f t e n  p r e c e d e d  t h e  s t e a d y  g lo w . 
The v o l t a g e  r e c o r d e d  i n  th e  t a b l e  c o r r e s p o n d s  t o  th e  s t e a d y  
g lo w in g  c o n d i t i o n s .
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Table 22.
L A M R  L 5  O s g / i m  B e e h i v e  f i t t e d  w i th
e a r t h e d ,  f i n  e -m esh  b r a s s  s  h i e  id.
S  t r i ki  n g V o l t a g e
D. C. 5 0  Cycles A C.
H I V E D / S C H I V E D I S C
1 *9-6 1 * 0 - 8 H 4-o 103-6
IS8 -2 1 4 0 - 6 H I  8 103-4
1*9-2 1 4 0 - 4
1/1-2 103-4
IGO'O 1 4 0 - 2 I I 3 - 4 1 0 3 - 8
160-1 1 4 0 - 4 111-6 103-6
1 * 9 /4 1 4 0  ’b 1 /1 -6 / 0 3 - 6
I S 9 0 1 4 0 - 6 1 / 4 - 0 1 0 3 - 4
1 6 1 0 1 4 0 - 4 113-6 103-6
I S  9 ’ 4 1 4 0 - 4 1 / 3 - 4 1 03-6
1 6 0 0 1 4 0 - 8 u i - 8 1 0 3 -8
I l 3 - 6 f * s i o 3 - 6 t m s
1 * 9 - 6 1+0-4 I!6o vfrnax. j/46,4';»ay. |(
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C o n c l u s i o n s .
The v a r i o u s  o b s e r v a t i o n s  r e c o r d e d  h e r e i n  would a p p e a r  
t o  i n d i c a t e  t h a t  t h e  s t r i k i n g  v o l t a g e  o f  a  n eo n  lamp was 
c o n s i s t e n t  t o  w i t h i n  1 p e r  c e n t ,  i f  t h e  lamp was c a r e f u l l y  
p r o t e c t e d  by  an  e a r t h e d  s h i e l d .  However, d u r in g  th e  e x p e r i ­
m ents u n e x p e c te d  v a l u e s  o f  s t r i k i n g  v o l t a g e  w ere  o b ta in e d  
w h ich  m ig h t  be  a s  much a s  3 o r  4 p e r  c e n t  som etim es above and 
som etim es below  w hat a p p e a re d  to  be th e  mean v a l u e .  Such 
r e a d i n g s  w ere  n o t  r e c o r d e d  b u t  s e rv e d  to  i n d i c a t e  t h a t  some 
i n s t a b i l i t y  e x i s t e d  i n  th e  lam p. The p ro c e d u re  d e v e lo p e d  
i n t o  g e t t i n g  an  i m p r e s s io n  o f  t h e  mean v a lu e  fro m  th e  f i r s t  
few  r e a d i n g s  o f  t h e  s t r i k i n g  v o l t a g e  and  t h e n ,  i f  d i s c h a r g e  
d i d  n o t  im m e d ia te ly  o c c u r  a b o u t  t h i s  v a l u e ,  th e  v o l t a g e  was 
a l lo w e d  to  rem a in  unchanged  f o r  some t im e  and u s u a l l y  th e  
lamp f l a s h e d  e i t h e r  a f t e r  a  few se co n d s  o r  a  few  m in u te s .  
C o a t in g  th e  lamp b u lb  w i th  v a r io u s  r a d i o - a c t i v e  m a t e r i a l s  
f a i l e d  t o  r e d u c e  t h i s  phenomenon a p p r e c i a b l y .
T h is  t im e  l a g  i n  th e  s t r i k i n g  o f  n eon  lam ps h a s  been  
o b s e rv e d  by  many e x p e r i m e n t e r s .*  R e s id u a l  i o n i s a t i o n  o f  t h e  
g a s  i s  th e  u s u a l l y  a c c e p te d  e x p l a n a t i o n  o f  th e  v a r i a t i o n  o f
*
P . 0 .  P e d e rs e n ,  Ann. d .  P h y s .  7 5 , p p .  8 2 7 -8 4 7 , D ec. 1924 .
A. Palm , Z e i t .  f .  Hoch. F r e q . 23 , p p .  1 2 -1 8 , J a n .  1926.
F .  M. P e n n in g ,  P h y s .  Z e i t s .  27, p p .  1 87 -19 6 , 1926.
lo c  c i t . ,  p .  81.
t h e  s p a r k in g  p o t e n t i a l  i n  su c h  g a s  d i s c h a r g e s .
The somewhat n e g a t i v e  c o n c l u s i o n  i s  t h e r e f o r e  
a r r i v e d  a t  t h a t  neon  lam ps a r e  n o t  s u f f i c i e n t l y  r e l i a b l e  
t o  p e r m i t  o f  t h e i r  b e in g  u se d  a s  a  s t a n d a r d  o f  co m parison  
i n  h i g h - v o l t a g e  m ea su re m e n ts .
C o n s e q u e n t ly ,  th e  a u t h o r  c o n s id e r e d  t h a t  f u r t h e r  
p u r s u a n c e  o f  t h i s  r e s e a r c h  would n o t  be  p r o f i t a b l e .
V o l ta g e  M easurem ent by E l e c t r o s t a t i c  V o l tm e te r  
and R e s i s t a n c e  P o t e n t i a l  D i v i d e r .
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V o l t a g e  M e a s u r e m e n t  b y  E l e c t r o s t a t i c  V o l t m e t e r
and R e s i s t a n c e  P o t e n t i a l  D i v i d e r .
As a  c h e c k  on  th e  s p a rk o v e r  v o l t a g e  w h ich  would be 
I n d e p e n d e n t  o f  th e  t r a n s f o r m e r  r a t i o  an  a t t e m p t  was made to  
m easu re  th e  v o l t a g e  on th e  h . v .  s i d e  by  means o f  an  e l e c t r o ­
s t a t i c  v o l t m e t e r  and  a  p o t e n t i a l  d i v i d e r .
The r e s i s t a n c e  p o t e n t i a l  d i v i d e r  was c o n s t r u c t e d  i n  
t h e  fo rm  shpwn i n  F i g .  7 7 .  The u n i t s  o f  t h e  d i v i d e r  a r e  made 
up o f  m ic a  c a rd s  o r  p l a t e s  wound w i t h  d o u b le  s i l k  c o v e re d  
n ic k e l - c h r o m e  w i r e  (3 6  S.W .G .) i n  s l o t s  i n  t h e  m ic a .  The 
d i r e c t i o n  o f  w in d in g  th e  c o i l s  i s  r e v e r s e d  i n  a d j a c e n t  s l o t s  
b y  d o u b l in g  round  th e  m ica  t o o t h  b e f o r e  commencing t h e  n e x t  
c o i l .
P a r t i c u l a r s  o f  e a c h  u n i t  a r e  a s  f o l l o w s : -
Mica c a r d s  6" x  3" C o i l s  p e r  c a r d  26 .
S l o t s  l / l O "  w ide  x l / l O "  d e e p .  T urns  p e r  c o i l  3 6 .
No. o f  c a r d s  9 .  R e s i s t a n c e  4 3 ,6 8 0  ohms.
The in d u c ta n c e  o f  t h e s e  u n i t s  o b v io u s ly  w i l l  be 
e x t r e m e ly  sm a ll  due to  t h e  r e v e r s a l  o f  t h e  w in d in g  and th e  
s m a l l  a r e a  e n c lo s e d  b y  e a c h  t u r n .  The s u b d i v i s i o n  o f  th e  w in d ­
in g  on  e a c h  c a r d  i n t o  26 s e c t i o n s  k e ep s  down t h e  s e l f  c a p a c i t a n c e  
t o  a  low v a l u e .  The o v e r a l l  t im e  c o n s t a n t  i s  c o n s e q u e n t ly  
e x t r e m e ly  s m a l l .
Fig u r e  7 7
Figure 7 81
T hree  such  u n i t s  were made up , each  e n c lo s e d  i n  a 
p e r f o r a t e d  z in c  s h i e l d .  These t h r e e  u n i t s  fo rm ed  t h e  m ain  
p o t e n t i a l  d i v i d e r .
To e l i m i n a t e  o r  com pensa te  f o r  e l e c t r o s t a t i c  e f f e c t s ,  
v i z .  d i s t r i b u t e d  c a p a c i t a n c e  t o  e a r t h ,  s e l f  c a p a c i t a n c e  and 
c a p a c i t a n c e  t o  e x t r a n e o u s  b o d i e s ,  t h e  s c r e e n s  s h i e l d i n g  th e  
u n i t s  w ere  m a in ta in e d  a t  a  p o t e n t i a l  c o r r e s p o n d in g  a p p r o x i ­
m a te ly  to  th e  mean p o t e n t i a l  o f  t h e  u n i t  e n c l o s e d .  T h is  was 
done by  h a v in g  a  s u b s i d i a r y  p o t e n t i a l  d i v i d e r  w hich  c o u ld  be 
t a p p e d  a t  s u i t a b l e  p o i n t s  t o  g iv e  th e  d e s i r e d  s c r e e n  p o t e n t i a l s .  
As w i l l  be s e e n  i n  t h e  f o r e g r o u n d  o f  F i g .  78 th e  s e c t i o n s  o f  
t h i s  s u b s i d i a r y  p o t e n t i a l  d i v i d e r  a r e  s i m i l a r  t o  t h o s e  o f  th e  
m ain  p o t e n t i a l  d i v i d e r  b u t  a r e  n o t  s c r e e n e d .
I t  c an  be  shown* t h a t  t h e  p h a se  single a t  t h e  e a r t h e d  
end o f  a  num ber o f  s h i e ld e d  r e s i s t a n c e s  j o i n e d  i n  s e r i e s  w i l l  
be  z e ro  i f  t h e  s h i e l d s  o f  th e  two end u n i t s  a r e  m a in t a in e d  a t  
5 / l 2  o f  th e  p d .  a c r o s s  t h e s e  u n i t s  w h i le  th e  r e m a in in g  s h i e l d s  
a r e  a t  m id p o t e n t i a l .
I n  t h e  p o t e n t i a l  d i v i d e r  c o n s t r u c t e d  o f  t h r e e  s e c t i o n s  
t h e  t a p p i n g  p o i n t s  on t h e  s u b s i d i a r y  p o t e n t i a l  d i v i d e r  h av e  been  
a r r a n g e d  a s  shown i n  F i g .  7 9 b .  The t h e o r e t i c a l  v a l u e s  i n d i c a t e d  
i n  F i g .  79a h av e  b e e n  a p p ro a c h e d  w i th  s u f f i c i e n t  p r a c t i c a l  a c c u r ­
a c y  t o  e n s u re  t h e  i d e a l  o f  z e ro  p h a se  a n g le  b e in g  a p p r o x im a te ly
o b t a i n e d ._________________________________________________ _________________
* " I n s t r u m e n t  T r a n s f o r m e r s , "  B . Hague, p .  363 , 1936 .
O r l i c h  and S c h u l t z e .  A rc h .  f .  E l e k t r o t . ,  1 ,  p p .  1 -1 5 ,  8 8 -94 , 




As th e  r e s i s t a n c e  u n i t s  a r e  c a p a b le  o f  c a r r y i n g  a 
c u r r e n t  o f  0 .1  ampere f o r  a r e a s o n a b le  l e n g t h  o f  t im e  th e  
a r ra n g e m e n t  c an  be  u se d  f o r  th e  m easurem ent o f  v o l t a g e s  up to  
1 2 .5  k V. and i s  th u s  s u i t a b l e  f o r  c h e c k in g  th e  t h r e e  lo w e s t  
p o i n t s  o f  t h e  p r e v io u s  c a l i b r a t i o n s .
Ih e  c o n n e c t io n  o f  th e  v o l t a g e  d i v i d e r  w i t h  i t s  s c r e e n ­
in g  r e s i s t a n c e  i n  p a r a l l e l  w i th  th e  sp h e re  gap was a r e l a t i v e l y  
l a r g e  lo a d  on th e  t r a n s f o r m e r .  O s c i l lo g ra m s  w ere  t a k e n  o f  th e  
wave fo rm  o f  th e  s e c o n d a ry  p . d .  o f  t h e  t r a n s f o r m e r  when 
s u p p ly in g  t h i s  l o a d .  T h is  was done by  i n s e r t i n g  s i m i l a r  s l i d e  
w ire  r e s i s t a n c e s  ( a b o u t  1600 ohms each ) i n t o  th e  c i r c u i t s ' o f  
t h e  m ain  and  th e  s u b s i d i a r y  d i v i d e r s  a t  t h e  e a r t h e d  en d . The 
v o l t  d rop  o v e r  p a r t  o f  th e  r e s i s t a n c e  i n s e r t e d  i n  t h e  main 
d i v i d e r  c i r c u i t  was a p p l i e d  t o  th e  v o l t a g e  c i r c u i t  o f  th e  
o s c i l l o g r a p h .
The d i f f e r e n c e  b e tw een  t h i s  s e c o n d a ry  v o l t a g e  wave 
fo rm  and t h a t  o f  t h e  p r im a r y  when t h e  v o l t a g e  d i v i d e r  was d i s ­
c o n n e c te d  ( F i g .  4 3 , p .  64) was c o n s id e r e d  i n s u f f i c i e n t  t o  
j u s t i f y  any  m o d i f i c a t i o n  b e in g  made i n  th e  v a lu e  o f  t h e  
c o n v e r s io n  f a c t o r .
E l e c t r o s t a t i c  V o l t m e t e r .
A K e lv in  ty p e  e l e c t r o s t a t i c  v o l t m e t e r ,  m e a su r in g  from  
500 to  2 ,0 0 0  v o l t s  an d , w i t h  a d d i t i o n a l  w e i g h t s ,  from  1000 to  
4000 and from  2000 t o  8000 v o l t s ,  was c a r e f u l l y  c a l i b r a t e d  on 
d i r e c t  c u r r e n t  up t o  5000 v o l t s .  T h is  i n s t r u m e n t ,  a f t e r  c a l l -
141 .
b r a t i o n  i n  s i t u ,  was c o n n e c te d  a c r o s s  one t h i r d  o f  th e  m ain 
p o t e n t i a l  d i v i d e r  a t  t h e  e a r t h e d  e n d .  I t  t h u s  m easured  th e  
r . m . s .  v a lu e  o f  one t h i r d  o f  th e  t o t a l  s e c o n d a ry  v o l ta g e  
r e q u i r e d  t o  p ro d u c e  s p a r k o v e r  o f  th e  s p h e re  gap w h ich  was 
c o n n e c te d  w i th  i t s  p r o t e c t i v e  h i g h  r e s i s t a n c e ,  i n  p a r a l l e l  
w i th  t h e  v o l t a g e  d i v i d e r  a c r o s s  th e  t r a n s f o r m e r .
The i l l u m i n a t e d  s c a l e  o f  t h e  e l e c t r o s t a t i c  v o l tm e te r  
was c o n v e n i e n t l y  o b se rv e d  th ro u g h  a  t e l e s c o p e  b e s i d e  th e  
v o l t a g e  c o n t r o l  r e s i s t a n c e s  o u t s i d e  o f  t h e  p r o t e c t i v e  e a r t h e d  
w ire  g u a r d .
R e s u l t s .
The s p a r k - o v e r  v o l t a g e  was f i r s t  o b t a i n e d  u s in g  
t h e  v o l t a g e  d i v i d e r  and  t h e  e l e c t r o s t a t i c  v o l t m e t e r .  W itho u t 
a l t e r a t i o n  o f  th e  gap th e  v o l t a g e  d i v i d e r  was d i s c o n n e c te d  
and th e  s p a r k - o v e r  v o l t a g e  d e te rm in e d  from  t h e  r e a d in g  o f  
t h e  p r im a r y  v o l t a g e  and th e  t r a n s f o r m a t i o n  r a t i o .  T h is  
p r o c e d u r e  was r e p e a t e d  a t  th e  o t h e r  gap  s e t t i n g s  and th e  
r e s u l t s  t a b u l a t e d ,  ( Table  2 3 ) .
The ag reem en t b e tw een  th e  two s e t s  o f  o b s e r v a t i o n s  
i s  s e e n  t o  be  q u i t e  s a t i s f a c t o r y  and w i t h i n  th e  l i m i t s  o f  
a c c u ra c y  o f  s p h e re  gap m ea su re m e n ts .
Table 23.
Breakdow n  K i lo v o l t s
254 3-8/ 50  8 -------2-54 3 8 / 5-08
6 90 9 7 5 12 23 7-10 1019 12-61
6 8 2 9-62 12-30 708 /o-/8 125/
6 85 9 70 12 30 7 / 2 /0 0Q 12-6 2
6-98 9 6 7 1223 7 07 10 08 12 57
6 8S 9 7o 12-40 7 / 2 / 0 /7 12-58
8 9 3 9 7o 1230 708 /0-/5 12 55
677 9 8 2 12-35 I /O 10-17 / 2-S9
6 85 9-84 12-40 7 0 7 /0 /2 12-57
7  oz 9 88 12-23 7 / 0 / o-/6 /2 59
6 9Q 9-7 8 12-18 7 /2 fo-/s 12-55
690 9-82 12-30 7-/3 /o ■// 12-55
6 9o 9 7 5 12-30 7 / 0 fO-/6 1257




D i v i d e r
Transformer
Ratio.
C o n v e r s e ly  i t  can be c o n c lu d e d  from  t h e s e  r e s u l t s  
w i th  t h e  v o l t a g e  d i v i d e r  t h a t  f o r  a l l  p r a c t i c a l  p u rp o s e s  
t h e  n o m in a l  r a t i o  o f  t r a n s f o r m a t i o n  o f  th e  h . v .  t r a n s f o r m e r ,  
6 6 0 /1 0 1 ,7 0 0  can  be  ta k e n  a s  c o r r e c t  when th e  s e c o n d a ry  lo a d  
c o n s i s t s  o n ly  o f  a  sp h e re  gap and i t s  p r o t e c t i v e  r e s i s t a n c e .
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